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PREFACE 



TO THX 



AMERICAN EDITION. 



Thx Manual of Chemistry, now offered to the American student, will, it is 
hoped, supply a desideratum, by aflbrding a work sufficiently full and com- 
plete on the elements of the science, without omitting any necessary informa- 
tion, or extending into too great xninutiflB of detail. Written in a clear and 
succinct style, and aided by numerous wood-cuts representing the more simple 
modes of chemical manipulation, together with the fiunlities lor oomprehensiYe 
explanation afibrded by the use of diagrams, it will be found to present the 
science in a form in which its acquisition will be much ftcilitated. 

The original work ^ving been full and complete up to the date of its 
publication, the task of the American editor has been to add any important 
matter which may have since appeared, and to correct such Qrpographical 
errors as may have escaped the author's notice. The additional matter has 
been thrown into the form of notes— or where its publication has been sub- 
sequent to the printing of the subjects to which it properly refers, been placed 
in the Appendix, and in every instance distinguished by the editor's initials. 
Jtt/y, 1845. 

The approbation with which the Manual of Chemistry has been received 
by American teachers and students, has rendered a new edition necessary 
at this early day. The Editor has endeavored to respond to this approbation 
by such emendations and additions as are calculated to retain the advanced 
position which the original work has justly attained and to maintain it on an 
equality with the constant advance of chemical science. 
/ttn«, 1847. 
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The design of the present volume is to offer to the stadent commencing 
the subject of Chemistry, in a compact and inexpensive, but, it is hoped, 
not unintelligible form, an outline of the general principles of that science, 
and a history of the more important among the very numerous bodies which 
Chemical investigations have made known to us. The work has no preten- 
sions to be considered a complete treatise on the subject, but is intended to 
serve as an introduction to the larger and more comprehensive works in our 
own language and in those of the Continent 

It has been my aim throughout to render the book as practical as possible, 
by detailing at as great length as the general plan permitted, many of the 
working processes of the scientific laboratory, and by exhibiting, by the aid of 
numerous wood-engravings, the most useful forms of apparatus, with their 
adjustments and methods of use. 

As one principal object was the production of a convenient and useful 
class-book for pupils attending my own lectures, I have been induced, although 
not without some misgivings, to adopt in the book the plan of arrangement 
followed in the lectures themselves, and to describe the non-metallic elements 
and some of their most important compounds before discussing the subject 
of the general philosophy of Chemical science, and even before describing 
the principle of the equivalent quantities, or explaining the use of the written 
83nnbolical language now universal among chemists. For the benefit of 
those to whom these matters are already familiar, and to render the history 
of the compound bodies described in the earlier part of the work more com- 
plete, I have added in foot-notes the view adopted of their Chemical con- 
stitution, expressed in symbols. 

I have devoted as much space as could possibly be afforded to the very 
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important subject of Organic Chemistry; and it will, I believe, be fomid that 
there are but few substances of any general interest which have been alto- 
gether omitted. It may be pardoned, perhaps, if I venture to express the 
pain and regret I have felt during the composition of this portion of the work, 
from being compelled by the limited space allowed me, to treat a most inte- 
resting subject in a manner so brief and unsatisfactory. 



GEO. FOWNES. 



MiDDLssxz Hospital, 
&p. 20, 1844. 
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PART I.— PIT8IC8. 

OF DENSITY AND SPECIFIC GRAVITY. 

It is of great importance in the outset to understand clearly what is meant 
by the terms dentUy and gpec^ gravity. By the dentUy of a body we mean 
its mcus Or qtumtity of maUer, compared with the mass or quantity of matter 
of an equal volume of some standard bodyi arbitrarily chosen. Specific gravity 
denotes the weight of a body, as compared with the weight of an equal bulk, 
or volume, of the standard body which is reckoned as unity.* In all cases 
of solids and liquids this stancUird of unity is pure water at the temperature 
of 60^ Fahn AnjTthing else might have been chosen ; there is nothing in 
water to render its adoption for the purpose mentioned indispensable ; it is 
simply tetken for the sake of convenience, being always at hand, and easily 
obtained in a state of perfect puri^. The ordinary expression of specific 
weight, therefore, is a number expressing how many times the weight of an 
equal bulk of water is contained in the weight of tiie substEuice spoken of. 
If, for example, we say that concentrated oil of vitriol has a specific gravity 
equal to 1-86, or that perfectly pure alcohol has a density of '794 at 60®, we 
mean that equal bulks of these two liquids and of distilled water possess 
weights in the proportion of the numbers 1**85, '794, and 1 ; or 1850. 794, and 
1000. It is necessary to be particular about the temperature, for, as will be 
hereafter shown, liquids are extremely expansible by heat ; otherwise, a con- 
stant bulk of the same liquid will not retain a constant weight It will be 
proper to begin with the description of the mode in which the specific gravity 
of liquids is determined ; this is the simplest case, and the one which best 
illustrates the general principle. 

In order to obtain at pleasure the specific gravity of any particular liquid 
compared with that of water, it is only requisite to weigh equal bulks at the 
standard temperature, and then divide the weight of the liquid by the weight 
of the water; the quotient will of course be greater or less than unity, as the 
liquid experimented on is heavier or lighter than water. Now, to weigh equal 

* In other words, density means eomparfttive meus^ and specific parity comparative 
weight. These expressions, although reaJly relating to distinct things, are often used 
quite indifferently in chemical writings,>nd without practical inconvenience, since mas» 
and weight are directly proportional to each other. 
2 
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bulks of two fluids, the simplest and best method is clearly to weigh them in 
succession in the same vessel, taking care that it is equally full cm both occft- 
siions ) a condition very easy of fulfilment 

A thin glass bottle or flask, with a narrow neck, 
is procured, of the figure represent^ in the margin, 
and of such capacity as to contain, when filled to 
about half way up the neck, exactly 1000 grains of 
distilled water at 60^. Such a flask is easily pro- 
cured from any one of the Italian artificers, to be 
found in every large town, who manu&cture cheap 
thermometers for sale. A counterpoise of the exact 
weight of the empty bottle is made from a bit of 
brass, an old weight or something of the kind, and 
carefully adjusted by filing ; an easy task. The 
bottle is then graduated, by introducing water at 
60°, until it exactly balances the 1000-grain weight 
and counterpoise in the opposite scale ; the height 
at which the water stands in the neck is marked 
by a scratch, and the. instrument is complete for 
use ; the liquid to be examined is brought to the 
temperature of 60°, and with it the bottle is filled 
up to the mark before mentioned; it is then weighed, 
the counterpoise being used as before, and the spe- 
cific gravity directly ascertained. 
A watery liquid in a narrow glass tube, always presents a curved surface 
from the molecular action of the glass, the concavity being upwards. It is 
better on this account in graduating the bottle, to make two scratches, as 
represented in the drawing, one at the top and the other at the bottom of the 
curve ; this prevents any future mistake. The marks are easily made by a 
fine, sharp, three-square file, the hard point of which also, it may be observed, 
answers perfectly well for writing upon glass, in the absence of a proper 
diamond-pencil. 

The specific gravity bottle above described difiers from those commonly 
made for sale by the instrument-makers. These latter are constructed with a 
perforated stopper, so arranged that when the bottle is quite filled, the stopper 
put in its place, and the excess of liquid which flows through the hole, wiped 
from the outside, a constant measure is always had. There are inconve- 
niences attending the use of the stopper which lead to a preference of th^ 
open bottle with merely amiyrk in the neck, even when very volatile liquids 
are experimented on. 

It will be quite obvious that the adoption of a flask holding exactly lOQO 
grains of water has no other object than to save the trouble of a Very trifling 
calculation ; any other quantity would answer just as well, and, in fact, thje 
experimentol chemist is often compelled to use a bottle of much smaller 
dimensions, from scarcity of the liquid to be examined. The shape is also in ' 
reaUty of little moment ; any light phied with a narrow neck may be employed, 
not quite so conveniently perhaps, as a specific gravis bottle. 

The determination of the specific gravity of a solid is also an operation of 
great facility, although the principle is not so obvious. As it would be im- 
possible to put in practice a direct method like that indicated for liquids, 
recourse is had to another plan. The celebrated theorem of Archimedes 
affords a solution of the difficulty. The theorem may be thus expressed : — 
When a solid is immersed in a fluid,' it loses a portion of its weight; and 
this portion is equal to the weight of the fluid which it displaces ; that 
is, to the weight of its own bulk of that fluid. 
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It is easy to give experimental proof of this Very 
important proposition, as well as to establish it by rea- 
soning. The drawing represents a litde apparatus for 
the' former purpose. This consists of a thin cylindri- 
cal vessel of brass, into the interior of which fits very 
aocurately a solid cylinder of the same metal, thus 
exactly filling it. When the cylinder is suspended 
beneath the bucket, as seen in the sketch, the whole 
hung from the arm of a balance and counterpoised, 
and then the cylinder itself immersed in water, it will 
be found to have lost a certain weight; and that this 
loss is precisely equal to the weight of an equal bulk 
of water, may then be proved by filling the bucket to 
the brim, whereupon the equilibrium will be restored. 

The consideration of the great hydrostatic law of 
fluid pressure easily proves the truth of the principle 
laid down. Let the reader figure to himself a vessel 
of water, having immersed in it a solid cylindrical or 
rectangular body, and so adjusted with respect to 
density that it shall float indifferently in any part be- 
neath the sur&ce. 

Now the law of fluid pressure is to this eff*ect : — 
The pressure exerted by a fluid upon the containing 
vessel, or upon anything plunged beneath its surface, 
depends, first, upon the density of that fluid, and, se> 
oondly,upon the perpendicular heights of the column. 
Moreover, owing to the peculiar physical constitution 
of fluids, this pressure is exerted equally in every di- 
rection, upwards, downwards, and laterally, Mrith equal 
force. 

The floating body is in a state of equilibrium ; there- 
fore the pressure downwards caused by its gravitation 
must be exactly compensated by the upward trans- 
mitted pressure of the column of water a b. 

But this pressure downwards is obviously equal to 
the weight of an equal quantity of water, since the 
body of necessity displaces its own bulkc— 

Hence, the weight lost, or supported by the water, 
is the weight of a volume of water equal to that of 
the body immersed. 

Whatever be the density of the substance, it will 
be buoyed up to- this amount; in the case Supposed, 
the bupyancy is equal to the whole weight of the body, 
which is thus, while in the water, reduced to nothing. 

A little reflection will show that the same reason- 
ing may be applied to a body of irregular form ; be- 
sides, a solid of any figure may be divided by the 
imagination into a multimde of little perpendicular 
prisms, or cylinders, to each of which the argument 
may be applied. What is true of each individually, 
must necessarily be true of the whole together. 

This is the fundamental principle ; its application 
is made in the following manner : — Let it be required-, 
fat example, to know the specific gravity of a body of 
extremely irregular form, as a small group of rock- 
crystals: the first part of the operation consists in 
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determining its absolute weightier, more coiTe<^l3r speaking, its weight in air ; 
it is next suspended from the balance-pan by a fine silk thread, immersed 
completely in pure water at 60^, and again weighed. It now weighs less, the 
difference being the weight of the water it displaces, that is, of an equal bulk. 
This being known, nothing more is required than to find^ by divisimi, how 
many times the latter number is contained in the £»rmer ; the Quotient will be 
the density, water being taken =1. 

The quartz-aystals weigh in air 293*7 grains. 

"When immersed in water, they weigh . . . .180*1 

DiSerence, being the weight of an equal volume of water 113*6 

293*7 

= 2*58, the specific gravity required. 

The arbitrary rule is generally thus written: "Divide the weight in air by 
the loss of weight in water, and the quotient will be the specific gravity." 
In reality, it is not the weight in air which is. required, but the weight the 
body would have in empty space : the error introduced is so trifling that it is 
usually neglected. 

Sometimes the body to be examined is lighter than water, and floats. In 
this .case, it is first weighed and afterwards attached to a piece of metal, 
heavy enough to sink it, and suspended from the balance. The whole is then 
exactly weighed, immersed in water, and again weighed. The diflference be- 
tween the two weighings gives the weight of a quantity of water equal in 
bulk to both together. The light substance is then detached, and the same 
operation of weighing in air, and again in water, repeated on the piece of 
metal. These data give the means of finding the density, as will be at once 
•een by the following example : — 

Light substance (a piece of cork) weighs in air . 39*6 grains. 

Attached to a piece of brass ; the whole now weighs 519*6 
Immersed in water, the system weighs . . . 294*1 

Weight of water equal in bulk to brass and cork . 225*5 

Weight of brass in air 480* 

Weight of brass in water 422* 

Weight of equal bulk of water 68* 

Bulk of water equal to cork and brass . . . 225*5 

Bulk of water equal to brass alone .... 58* 

Bulk of water equal to cork alone . . . . 167*5 

39*6 ««« ^ 

Jilz = .236 

167-5 

In all such, experiments it is necessary to pay attention to the temperature 
and purity of the water, and to remove with great care all adhering air bub- 
bles { otherwise a false result will be obtained. 

The substance to be examined may be in small fragments, or powder. 
Here the operation is very simple. A bottle holding a known weight of water 
is taken ; the specific gravity bottle already described answers perfectly well. 
A ooavenient quantity pf the substance is next carefully weighed out, and 
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introduoed'into the bottle, which is then filled up to the mark on the neck 
with distilled water. It is clear that the vessel now contains less water by 
a quantity equal to the bulk of the powder than if it were filled in the usoal 
manner. It is, lastly, weighed. In the subjoined experiment emery powdei 
was tried. 

The bottle held, of water .... 1000 grains. 
The substance introduced weighed . . 100 

Weight of the whole, had no water been displaced . 1100 
The observed weight is, iiowever, only . . 1070 

Hence, water displaced, equal in bulk to the powder 30 

100 
r= 3.333 specific gravity. 

30 

There is yet another case which requires mention,-— that, namely, in which 
the substance is dissolved or acted upon by water. This difficulty is easily 
conquered by substituting some other liquid of known density which expe- 
rience shows is without action. Alcohol or oil of turpentine may generally 
be used when water is inadmissible. Suppose, for instance, the density of 
crystallized sugar is required, we proceed in the following way: The specific 
gravity of the oil of turpentine is first carefiilly determined: let it be '87; the 
sugar is next wei{^ed in the air, then suspended by a thread, and weighed 
in the oil ; the difference is the weight of an equal bulk of the latter ; a simple 
calculation gives the weight of a corresponding volume of water : 

Weight of sugar in air . . . . 400 grains. 

Weight of sugar in oil of turpentine . . 182*5 



Weight of equal bulk of oil of turpentine . . 217*5 

87:100: : 2175: 250, 
the weight of an equal bulk of water ; hence the density of the sugar, 

12? =1.6. 
250 

The theorem of Archimedes affords the key to the general doctrine of the 
equilibrium of floating bodies, of which an application is made in the com- 
mon hydrometer, — an instrument for finding the densities of liquids in a very 
easy and expeditious manner. 

When a solid body is placed upon the surface of a fluid specifically heavier 
than itself, it sinks down until it displaces a quantity of fluid equal to its own 
weight, at which point it floats. Thus in the case of a substance floating in 
water, whose specific weight is one half that of ihe fluid, the 
position of equilibrium will involve the immersion of exactly jj*^^ g^ 

one half the body, inasmuch as its whole weight is counter- 
poised by a quantity of water equal to half its volume. If the 
same body were put into a fluid of one half the density of 
water, if such could be finmd. then it would sink beneath the 
sur&ce, and remain indifferently in any part A floating body 
of known density may thus be used as an indicator of the spe- 
cific gravity of a fiuid. In this manner little glass beads of 
known densities are sometimes employed in the aits to ascer- 
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tain in a rade manner the specific gravity of liqtiids ; the one that floats indif- 
ferently beneath the surface without either sinking or rising, has of course the 
same specific gravity as the liquid itself; this is pointed out by the number 
marked upon the bead. 
The hydrometer in general use consists of a floating vessel of thin metal or' 

glass, having a weight beneath to maintain it in 
an upright position, and a stem above bearing a 
divided scale. The use of the instrument is very 
simple. The liquid to be tried is put into a small 
narrow jar, and the instrument floated in it It is 
obvious that the denser the liquid, the higher will 
the hydrometer float, because a small displacement 
of fluid will cowiterbalanoe its weight. For the 
same reason, in a liquid of less density, it sinks 
deeper. The hydrometer comes to rest almost im- 
mediately, and ihen the mark on the stem at the 
fluid-level may be read ofll 

Very extensive use is made of instruments of 
this kind in the arts ; these sometimes bear difler- 
ent names, according to the kind of liquid for 
which they are intended; but the principle is the 
same in all. The graduation is very commonly 
arbitrary, two or three different scales being, un- 
fortunately, used. These may be reduced by cal- 
culation, however, to the true niunbers expressing 
the specific gravity. 
A very convenient and useful instrument in the shape of a small hydro- 
meter for taking the spedfic gravity of urine, has lately been put into the 
hands of the physician ; it may be packed into a pocket-case, with a little jar 
and a thermometer, and is always ready for use.* 

The determination of the specific gravity of gases and vapors of volatile 
liquids is^ problem of very great practical importance to the chemist; the 
theory of the operation is as simple as when liquids themseles are concerned ; 
but the processes are much more delicate, and involve, besicleS) certain correo* 
tions for diflferences of temperature and pressure, founded on principles yet to 
be discussed. It will be proper to defer the consideration of these matters 
for the present. 

* These, and other instnmients described or figured in the coarse of the work, may be 
had of Mr. Newmann, 133 Regent-street, upon the excellence of whose workinanship 
reliance may be safely placed. 
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OP THE PHKICAL CONSTITDTION OF THE ATMOSPHERE, 
AMD OF GASES IN GENERAL. 

It requires some little abstiactitai or mind to Tcalize cotnplelely the gingu- 
lar cooditidii in n-hicb alt ihiogs at the auriace of the eanh exist. We live 
Bt the Ijottom or an iaunenaa oceanof gas«wB matter, which envelops every- 
tliiiig, and preseei upon everything with a force which appeajs at first siEht 
perfectly incredible, but whose actual amount admits of easy proof. 

Gravity being, bo fai as is known, common to all matter, it is natural to 
expect that gases, being material subaumces, should be acted upon I^ the 
earth's attractbn, as well as solids and liquids. This is really the case, and 
tlie result is the wei^l or piessuie of the atmosphere, which is nothing more 
Iban the eileot of the attraolion. of the earth on the particles of air. 

Before desciibing the leading phenomena of the aimospherii'. pressure, it is 
necessary to notice one very remarliablB feature in the physical constitution 

of gases, upon wluch depends the principle of i 

ment, the air-pump. 

Gases ate in the highest decree elastic ; the - 
occupies depends upon the pressure exerted 
upon it. Let the reader imagine a cylinder, 
a, closed at the bottom, in which r 
piston, air-tight, so that no air can esi 
tween the piston and the cylinder. Suppose 
now the pistrai be pressed downwards with a 
certain force; the air beneath will be com- 
pressed into a smaHer bulk, the amount of this 
compression depending on the force applied j 
if the power be suSicienl, the bulk of the gas 
may be thus diminished to one huadiedlh part 
ot less. When the pressure is removed, the 
elasticity or lauion, as it is called, of the in- 
cluded air or gas, will immediately force up 
the piston until it arrives at iu flr.it positioii. 

Again, take fig. A, and suppose the piston to 
stand about the middle of the cylinder, having 
air beneath in its usual stats. If ibe piston be 
now drawn upwards, the air below will ei- 
jmnd, so aa lo fill completely the increased 
space, and 1h.\s to an apparently unlimited 
extent A volume of ali which under ordinary citoumstances occupies the 
bulk of a cubic inch, might, by the removal of the pressure upon it, be made 
to expand to the capacity of a whole room, while a renewal of the former 
pressure would be attended by a shrinking down of the air to its former bulk. 
The smallest portion of gas mtroilueed into a large exhausted vessel becomes 
at once diffused througb the whole space, an equal quantity being prpscnt in 
every part ; the vessel is JiiU, although the gaa is in a state of extreme tenuity. 
This power of expansion which gases possess may have, and probably has, 
in teali^, a limit; hut the limit is never reached in practice. We are quite 
nfe in die assumption, that for all purposes of experiment, however refined, 
gases are perfectly elastic. 

It is usual to assign a reason for Ibis indefinite expansibility by ascribing 
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to the particles of material bodies, when in a gaaeoas state, a self-repulsiye 
energy. The statement is oonomonly made somewhat in this manner: Matter 
is under the influence of two opposite forces, one of which tends to draw the 
particles together, the other to separate them; by the preponderance of one or 
other of these forces, we have t^e three states called solid, liquid, and gaseous. 
When the particles of matter are immovably bound together by the attract* 
ire force, a solid substance results; when the forces are nearly balanced, we 
have a liquid, the particles of which are free to move, but yet to a certain 
extent held together; and lastly, when the attractiye power seems to be comr 
pletely overoome by its antagonist, we have a gas or yapor. 

Various names are applied to these forces, and yarious ideas entertained 
concerning them ; the attractiye forces bear the name of cohesion when they 
are exerted between particles of matter separated by ayery small intenral, 
and gravitation, when the distance is great The repulsive principle is often 
thought to be identical with the principle of heat 

The ordinary air-pump, shown in section in fig. 8, conrasts essentially of a 
metal cylinder, in which moves a tightly fitting piston, by the aid of its rod. 
The bottom of the cylinder communicates with the vessel to be exhausted, 
and is furnished with a valve opening upwards. A similar valve, also open- 
ing upwards, is fitted to the piston; these valves are made with slips of oiled 
silk. When the piston is raised from the bottom of the cylinder, the space 
left beneath it must be void of air, since the piston-valve opens only in one 

Fig.S. 




direction; the air within the "receiver having on that side nothing to oppose 
its elastic power but the weight of the little valve, lifts the latter, and escapes 
into the cylinder. So soon as the piston begins to descend, the lower valve 
closes, by its own weight, or by the transmitted pressure from above, and 
communication with the receiver is cut off. As the descent of the piston con- 
tinuesfthe air included within the cylinder becomes compressed, its elasticity 
is increased, and at length it forces open the upper valve, and escapes into the 
atmosphere. In this manner a cylinder full of air is at eve^ stroke of the 
pump removed from the receiver; during the descent of the piston, the upper 
valve remains open, and the lower closed, and the reverse during the opposite 
movement 



B pinion, or amall toothed wheel between them, moTcd by a winch. By this 
oontnTance the operation or exhauetion is much thcililated and the laboi 
leBsened. The arrangement is shown in fig. 9. 

A simpler and far superior form of air-pump is thua con- fig, 10, 
Btmcted ; the cyUuder, which may be of large dimensions, 
is fiuTiished with an accurately fitted aolid piston, the rod. 
of which moves, air tight, ttirough a contrivance called a 
Btnfluig-boi, al the top of the cylindei, where also the only 
V^TB atentiai to the apparatna is to be fbond ; Ibis lauei is 
a solid conicsl plug of metal, shown al a in the figure, kept 
tight by the oU contained in the chamber into which it 
opens. The communicaiion with the vessel to be exhausted 
is made by a tube which enters the cylinder a little above 
the bottom. The action is the ibllowing: let the piston be 
supposed in the act of rising ttom the bottom of the cylin- 
der; as soon as it passes the mouth of the tnbe I, (fig. 10,) 
all communication is stopped bet\veen the air above the pis- 
ton and the tcsspI to be exhausted -, the' enclosed air suffera 
compression, until it ac^iuires sufficient elasticity to lift the 
metal valve and escape by bubbUng through the oil. When 
the piston makes its descent, and this valve closes, a vacuum 
is left in the upper part of the cylinder, into which the air of 
the receiver rushes bo soon as die piston has passed below 
ibe orifice of die connecting tube- 
In the silk valved air-pomp exhaustion ceases when the 
elasticity of the air in the receiver becomes too feeble to 
raise the valve; in that hut described, the exhaustion may, (»i the contrary. 
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be csnied to an indefinite extent, without, however, under the most &Touni- 
Ub rdrciunslBncet, becoming ixmplete. The conical valve is made to project 
a little beiow the cover of the cylinder, so as to be forced up by Ibe piflton 
when the latter leachea the top of the cylinder ; the oil ihen enters and dis- 
places any aic that may be lurking in the cavity- 
It is B great improvement to the mBchinc to supply the piston with a T^f- 
Toh* opening upwards ; this may also be of metal, and contained within the 
body of the piatcm. Its use is w avoid the momentary condensation of the 
air in the receiver when the piston deBCends. The pump ia worked by a 
lever in the manner represented in the drawii^ below. 

To return to the atmosphere. Air po*. 
fig. II. . sesses weight: a light flask or globe of 

giBBB, furnished with a atop-oock and ex- 
hausted by the air-pump, weighs consider- 
ably lees than when full of air. IfthecB- 
pacity of the vessel be equal to 100 cutic 
inches, this difference amounts lo nearly 30 

TTie mere fact of the preaaore of the 
atmosphere may be demonstrated by se- 
curely tying a piece of bladder over the 
mouth of an open gkiss receiver, and then 
exhausting the air ^m beneath it ; the 
bladder will become more and more con- 
cave, until it suddenly breaks. A thin 
square glass bottle, or a large air tight tin 
box may be crushed by withdrawing the 
support of the air in the inaide. Steam- 
boilers have been oflen destroyed in this 
manner by collapse, in consequence of the 
accidental Ibrmation of a partial vacuum 

After what has been said on the subject 
of fluid pressure, it will scarcely be ne- 
cessary to observe that the law of equality 
fS pressiure in all directions also bol^ 
good in the case of the atmoaphere. The 
perfect mohih^ of the particles of air per- 
mits the transmission of the force gene- 
rated by their gravity. The aides and 
botlom of an exhausted vessel are prewed 
upon with aa much force as the top. 

If a glass tube of conaiderable length 
could be perfectly exhausted of air, and 
then held in an upright position, with one 
of its ends dipping into a vessel of liquid, 
the latter, on being allowed access to the 
mbe, would riae in its interior until the 
weight of the ooluiUn bilanced the pree- 
sure of the air upoa the aur&ce of the 
liquid. Now if the density of this liquid 
were known, and the height and area of 
theoolimm measured, meana would be fur- 
nished tor exactly eatimating the amount 
of presaure exerted by the atmosphere. 
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Such an instrument is the baiometer : a straight glass tube is Fig, 12. 
taken, about 36 inches in length, and sealed by the blow-pipe 
flame at one extremity; it is then filled with clean, dry meicnjy, 
obre being taken to displace all air-bubbles, the open end stop- 
ped with a finger, and the tube inverted in a basin of mercury. 
On removing the finger, the fluid sinks away from the top of 
the tube, until it stands at the height of about 30 inches above 
the level of that in the basin. Here it remains supported by, 
and balancing the atmospheric pressure, the space above the 
mercury in the tubetbeing of necessity empty. 

The pressure of the atmosphere is thus seen to be capable of 
sustaining a column of mercury thirty, inches in height, or 
thereabouts; now such a cc^umn, having an area of one inch, 
weighs between 14 and 15 pounds, consequently such must be 
the amount of the pressure exerted upon every square inch of 
the suriaoe of the earth, and of the objects situated thereon, at 
least near the level of the sea. This enormous force is borne 
without inconvenience by the animal frame, by reason of its 
perfect uniformity in every direction, and it may be doubled, or 
even tripled without injury. 

A barometer may be constructed with other liquids besides 
mercury ; but as the height of the column must always bear 
an inverse proportion to the density of the liquid, the length of 
tube required will be often considerable ; in die case of water 
it will exceed 33 feet It is seldom that any other liquid than 
mercury is employed in the construction of this instrument 

It will now be necessary, to consider a most important law 
which connects the volume occupied by a gas widi the pres- 
sure made upon it, and which is thus expressed:-— 

The volume of a gas is m oendy as the pressure : the dens- 
ity and elastic force are Srectly as the pressure, and 
iiweruly as the volume. 

For instance, 100 cubic inches of gas under a pressure of 30 
inches of mercury would expand to 200 cubic inches were the 
pressure reduced to one half, and shrink, on the contrary, to 50 
cubic inches if &e original were doubled. The increase of 
density must necessarily be in direct proportion to the pressure, 
and the elastic force follows the same rule. 

This, whidi is usually called the law of Mariotte, is easily demonstrable 
by direct experiment A glass tube, about 7 feet in length, is closed at one 
end, and bent into the form represented, (fig. 13,) the open limb of the siphon 
being the longest It is next attached to a board fiumished with a movable 
scale of inches, atad enough mercury is introduced to fill the bend, the level 
being evenly adjusted, and marked upon the board. Mercury is now poured 
into the tube until it is found that the enclosed air has been reduced to one- 
half of its former volume; and on applying the scale, it will be found that 
the level o£ the mercury in the open part of the tube stands very nearly 30 
inches above that in the closed portion. The pressure of an additional " at- 
mosphere" has consequently reduced the bulk of the contEiined air to one half. 
If the experiment be still continued until the volume of air is reduced to a 
third, it will be found that the column measures 60 inches, and so in like 
proportion as far as the experiment is carried. 

This instrument is better adapted for illustration of the principle than 
f(»; furnishing rigorous proof of the law; this has, however, been done. 
MM. Arago and Bulong published, in the year 1830, an account of certain 
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All gates aro aliks subject to this law, nnd i^ 
vapors of TOlatile liquids, when innole from their 
points of condensation.' ft ifi a matter of the greatest 
importance in piootical chemistiy, since it gives tlia 
means of mekhig corrections for pressuce, br deter- 
mining 1^ cakuiation the change of volume which n 
gas would suffer by any given change of external plei- 

Let it be requited, for example, to solve the follow- 
ing problem: We have LOO cubic inches of gas in a 
graduated jar, the barometer standing at S9 inchea; 
how many cubic inches will it occupy when (he co- 
lumn rises to 30 inches ? Now the volume must be 
inversely as the pressure ; consequently a change of 
pressure in the proportion of S9 to 30 imisl be accom- 
panied by a ohango of volume in the proportion of 30 
to 29 ; 30 cubic inches of gas contracting to 29 cubio 
inches under (he conditions imagined. Hence the Bn- 

30 : 29 : : 100 : 9S'67 cnbic inches. 
The reverse of tbe operation will be obvious. 

From what has been said respecting the easy com- 
pressibility of gases, it will be easily seen that the atmo- 
sphere cannot have the same density, and carmot exert 
equal pressures at different elevations above the sea- 
level, but that, on the contiaty, these must diminish 
with the altitude, and very rapidly. The lower strata 
of air have to bear the weight of those above them ; 
they become in consequence denser and more com- 
pressed than ttie upper portions. The following laUe, 
which is taben Irom Mr. Graham^s work, shows in a 
very simple manner the rule followed in this respect 

Height Bbove the Height or barometer 

Ka in miles. Tolnme of sir. in Inches. 

. . . 1 . . .30 
S-905 . . a . . 10 



13S25 . . 33 . . -9375 

16'23 '. . . 84 . . . -46875 

The numbers in (he fltst column f&rm an arithmoical series, ty the constant 
addition of 2'70S; those in (he second column an increasing gtomOrical series, 
each being the double of its predecessori and (hose in the third, a decreas- 
ing geometrical series, in which each number is the half of that standing 
above it 
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In ascending into the air in a balloon these efi^cts are well observfid; liie 
expansion of the gas within the machine, and the fall of the mercury in the 
barometer, soon indicate to the voyager the fact of his having left below hitn 
a considerable part of the whole atmosphere. 

The invention of the barometer, which took place in the Fig, 14. 
year 1643 by TorriceUi, a pupil of the celebrated Galileo, 
speedily led to the observation that the atmospheric pressure 
at the same level is not constant,, but possesses, on the contrary, 
a small range of variation, seldom exceeding in Europe, 2 or 
■ 2*5 mches, and within the tropics usually confined within much 
narrower limits. Two kinds of variations are distinguished ; 
regular or horary, and irregular or accidental It has been ob- 
served, that in Europe the height of the barometer is greatest 
at two periods in the twenty-four hours, depending upon the 
season. In winter the first maximum takes place about 9 A. 
M., the first minimum at 2 P. M., after which the mercury 
again rises and attains its greatest elevation at 9 in the even- 
ing ; in summer Uiese hours of the aerial tides are somewhat 
altered. The accidental variations are much greater in amount, 
and render it extremely difficult to trace the regular changes 
above-mentioned. 

The barometer is applied with great advantage to the mea- 
surement of accessible heights, and it is also in daily use for 
foretelling the state of the weather ; its indications are ^n this 
respect extremely deceptive, except in the case of sudden and 
violent storms, which are almost always preceded by a rapid 
fall in t^e mercurial column. 

To the practical chemist, a moderately good barometer is an 
indispensable article, since in all experiments in which volumes 
of gases are to be estimated, an account must be taken of the 
state of the pressure of the atmosphere. The marginal draw- 
ing represents a very convenient and economical siphon-baro- 
meter for this purpose. A piece of new and stout tube, of 
about one-third of an inch in internal diameter, is procured at 
the glass-house, sealed at one extremity, and bent into the 
siphon form, as represented. Pure and warm mercury is next 
introduced by successive portions untU the tube is completely 
filled, and the latter being held in an upright position, the level 
of the metal in the lower and open limb is conveniently ad- 
justed by displacing a portion by a stick or glass rod. The 
barometer is, lastly, attached to a board, and furnished with a 
long scale, made to slide, which may be of box-wood, with a 
slip of ivory at each end. When an observation is to be taken, 
the lower extremity, or zero of the scale> is placed exactly even 
with ^e mercury in the short limb, and then the height of the 
column at once read oS. 
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HEAT. 

It will be convenient to consider the subject of Heat under several sec- 
tions, and in the following order: 

1. Expansion of bodies, or effects of variations of tempeiteture in altering 

their dimensions. 

2. Conduction, or transmission of heat 

3. Change of state. 

4. Capacity of bodies for heat. 

The phenomena of radiation mvist be deferred until a sketch has been 
given of the science of light 

xxPAirsioir. 

If a bar of metal be taken, of such magnitude as to fit accurately to a gauge 
when cold, heated considerably, and again applied to the gauge, it will be 
found to have become enlarged in all its dimensions. When cold, it will onoe 
more enter the gauge. 

Again, if a quantity of liquid contained in a glass bulb, furnished with a 
narrow neck, be plunged into hot water, or exposed to any other source of 
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heat, the liquid will mount in the stem, showing that its volume has been 
increased. 

Or, if a portion of air be confined in any vessel, the application of a slight 
degree of heat will suffice to make it occupy a space sensibly larger. This 
most general of all the effects of heat furni^es in the outset a principle, by 
the aid of whidi an instrument can be constructed capable of taking cogni- 
zance of changes of temperature in a manner equally accurate and conve- 
nient : such an instrument is the thermometer. 

A capillary glass tube is chosen, of uniform diameter; one extremity is 
closed and expanded into a bulb, by the aid of the blow-pipe flame, and the 
other somewhat drawn out, and left open. The bulb is now cautiously heated 
by a spirit-lamp, and the open extremity plunged into a vessel of mercury, a 
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portion of which rises into the bulb when the latter cools, replacing tfie air 
which had been expanded and driven out by the heat By again applying 
the flame, and causing this mercury to boil, the remainder of the air is easily 
expelled, and the whole space filled with mercurial yapor, on the condensa- 
tion of which the metal is forced into the instrument by the pressure of &e 
air until it becomes completely filled. The thermometer thus filled is now to 
be heated until so much mercury has been driven out by the expcuision of the 
remainder, that its level in the tube shall stand at common temperatures at 
the point required. This being satisfactorily adjusted, the heat is once more 
applied, until the column rises quite to the top ; and then the extremity of 
the tube is hermetically sealed by the blow-pipe. The retraction of the mer- 
cury on cooling now leaves an empty space in the upper part of the tube, 
which is essential to the perfection of the instrument 

The thermometer is yet to be graduated; and to make its indications com- 
parable with those of other instruments, a scale, having certain fixed points, 
at the least two in number, must be adapted to it 

It has been observed, that the temperature of melting ice, that is to say, of 
a mixture of ice and water, is always constant; a thermometer, already gra- 
duated, plunged into such a mixture, always marks the same degree of tem- 
perature, and a simple tube filled in the manner described, and so treated, 
exhibits the same efiect in the unchanged height of the little mercurial column, 
when tried from day to day. The freezing-point of water, or melting-point of 
ice, constitutes then one of the invariable temperatures demanded. 

Another is to be found in the boiling-point of water, which is always the 
same imder similar circumstances. A clean metallic vessel is taken, into 
which pure water is put and made to boil; a thermometer placed in the boil- 
ing liquid invariably marks the same degree of temperature so long as the 
height of the barometer remains unchanged. 

The tube having been carefully mai^ked with a file at these two points, it 
remains to divide the interval into degrees; this is entirely arbitrary. In 
France, and throughout the greater part of Germany, the scale called centi- 
grade is employed; the space in question being divided into 100 parts, the 
zero being placed at the freezing-point of water. The scale is continued 
above and below these points, numbers below being distinguished by the 
negative sign. 

In England the very inconvenient division of Fahrenheit is everywhere in 
use; the above space is divided into 180 degrees, but the zero, instead of start- 
ing from the freezing-point of water, is placed 32 degrees below it, so that 
the temperature of ebullition is expressed by the number 212°. 

The plan of Reaumur is nearly confined to the north of Grermany and 
Russia; in this scale the freezing-point of water, is made 0°, and the boiling 
point 80°. 

It is unfortunate that a uniform system has not been generally adopted in 
graduating thermometers; this would render unnecessary the labor which 
now so frequently has to be perfi>rmed of translating the language of one 
scale into that of another. To efiect this presents, however, no great diffi- 
culty. Let it be required, for example, to know the degree on Fahrenheit's 
scale, which corresponds to 60° centigrade. 

100° cent =s 180° Fahr. or 5° cent aa 9° Fahr. 

Consequently 

5:9:: 60: 108 

But then as Fahrenheifs scale commences with 32° instead of 0°, that 
number must be added to the result, making 60° cent = 140° Fahrenheit 
The rule then will be the following: To odnvert oentigiade degrees into 
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Fahrenheit degree, multiply by 9, divide the product by 5, and add 32; to 
convert Fahrenheit degrees iiito centigrade degrees, subtract 32, multiply by 
5, and divide by 9. 

Mercury is usually chosen for making thermometers on account of its 
regularity of expansion within certain limits, and because it is easy to have 
the scale of great extent -bom the large interval between the freezing and 
boiling-points of the metal. Other substances are sometimes used; alcohol is 
employed for estimating very low temperatures. 

Air-thermometers are also used for some few particular purposes; indeed 
the first thermometer ever made was of this kino. There are two modificar 
tions of this instrument; in the first, the liquid into which the tube dips is 
open to the air, and in the second, shown below, the atmosphere is completely 
excluded. The efiects of expansion are in the one case complicated with 
those arising from changes of pressure, and in the other, cease to be visible 
at all when the whole instrument is subjected to alterations of temperature, 
because the air in the upper and lower reservoir being equally afiected by 
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such changes, no alteration in the height of the fluid column can occur. 
Accordingly, such instruments are called d^ererUial thermometers, since 
they serve to measure differences of temperatures between the two x)ortions 
of air, while changes affecting both alike are not indicated. Fig. 19 shows 
another form of the same instrument 

The air-thermometer may be employed for measuring all temperatures, 
from the lowest to the highest; M. Pouillet has described one by which the 
heat of an air-furnace could be measured. The reservoir of this instrument 
is of platinum, and it is connected with a piece of apparatus, by which the 
increase of volume experienced by the included air is determined. 

All bodies are enlarged in iheir dimensions by the application of heat, and 
redu^d by its abstractbn, or, in other words, contract, on being artificially 
cooled; this efiect takes place to a comparatively small extent with solids, to 
a larger amount in liquids, and most of all in the case of gases. This is the 
general rule ; an exception is nevertheless to be found in certain curious 
liquids, which result from the condensation of gases, whose expansibility 
exceeds that of the gases themselves. 

Each solid and liquid has a rate of expansion peculiar to itself; gases, on 
the ooQtraiy, all expand alike for the same increase of heat 



The difference of eipansifailitj among solids is very easily illustrated t>y 
(he fbltowing BriBiigemenl : A thin strBiEht bar of iron is flTmly fiisd, by 
numerous rivets, to b nmittU' bar of biass; bo long as Ibe temperatuie at 
which the iwo metnle were united remains unchanged,- the compound bar 
preaerTBs its llrai^f figure ; but any alteration of temperaturB giTes rise to a 
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mtrespoadii^ cuFTalure. Brsas is niore dilatable than inm; if the bar be 
heated, therefore, the former expands more than the latter, and forces the 
straight bar into a curve, whose conTei side ia the brass j if it be artidoially 
cooled, the brass ;xiatracls more than the iron, and the reverse of this effect 
is produced. . 

' Hiis Jact has reoeiTed a most valtiable application. It is not necessary to 
insist on the irnponance of possessing instruments Air llie ac- 
curate measureinent of time i audi, are' absolutely ittdispensa- Fig. 21. 
Ueto the successliil coltdvationiDf astronomical science, andnot 
]esB useful to die navigator from the assistanoe they give him 
in finding the longitude al sea. For a long time, notwithstand- 
ii^ the perfection of finish and adjustment bestowed upon 
clodis and watches, an apparently insurmountable obstacle 
presented itself to their uniform and r^ulai movement] fliis 
obstacle was the change of dimensions, to which the regulat- 
ing parts of the machine were subject by altraations of tem- 
perature. A dock itiay be defined as an instrument fbr regi^ 
tering the laimber of beats made by a pendulam ; now the 
-time of oscillation of a pendulum depends j/rinegMtUy upon its 
lei^th ; any alteration in this condition will scTionsly affect the 
tnte of the clocL The material of which the rod of the pen- 
dulimi is composed is subject'to expansion and contraction by 
changes of temperature I so that a pendulum adjusted to vibrate 
seoonds at 60°, would go too slow when the temperature tote 
■to 70°, fiorn its ritfflgation, and too fast when the teraperamro 
fell to 50° from the i^iposite cause 

This great difficulty )iaa been overcome; by making the rod 
.of a number of bars of iron and breBB,or iron and line, metals 
whose rates of eipansion are dilTerent, and arranging these 
bars in such a manner that the expansion in one direction of 
the iron ghal) be exactly compensated by that in the opposite 
direction of the brass or zinc, it is possible to maintain under all cinmm- 
itances of temperature an invariable distance between the points of suspension 
and of oscillation. This is often called the gridiron petuhJHm ; the diagmn 
in the margin will clearly illustrate its principle^ the shaded bars are sup- 
posed to be iron and the others brass. 

A still simpler compensation pendulum is thus oraistracted. The weight 
or bob, instead of being made of a disc of metal, consists of a cylin- 



Tig. 33. dricid glau jar conalniog meicazf, which is heid by a nit- 
Tup at the extremity of the iteel pendulum lod. The aamS in- 
cteasa oT lempetatuia which leogthenB this [Od, cbumb Ibe volaino 
of ibo mercury, to enlace, atid its level to rise in the jai ; the ceo- 
, De of gniTily is thus elevated, nod by properly adjustuig the quuk- 
ti^ of mercury in the glassi the virtual length of the pendulum 
may be made constant 

lo watdieBthegOTemingpowHisBhoriBCnlal weighted wheel, 
set in motion id one direction by the machine itself, and in the 
other by a floe spiral spring. The rate of going depends greatly 
on the diame.ler of this wheel, and the diomelei is of necessily 
■nbject to mriation by change of temperature. To remedy the 
evil thus involved, the circumference of the balance-wheel is made 
of two metnk having difleient rates of expansion, fast saldered to- 

gether, the most eipensible being oa the outside. The compound 

I rpnil rim is also cut thioogh in two or more filaces, aa cepresenled la Ihe 
HhIi drawing. When the Watch isexposedtoa high tempeiatui«, and 
IUhII ^^ diameter of the wheel becomes enlarged by eipaoaion, eadi 

^ segment is made, by the same agency, to BBOume ashaipeicnrva, 

whereby its centre of gravity is thrown inwards, 
Fig. 23. and the oipaiuive effect compennled. Many othei 

beautiful applications of the same ptiodple might 
be pointed out ; the metoUio thaiinometei of M. 
Bieguet is one of tbeae. 

Mr.DaniellhesveryaUliiiUyqiplied lbeexp«ui- 
sion of a rodof met^ to the measuranent of tem- 
peraCures above those eapeUe of being taken by tho 
thelmoraetei. A rod of iron oi platinum, about 
Ave inchei long, is dropped into a tube of blaclc- 
lead ware ; a litda cjdinder of baked poioalain is 
put over it, and secured in its place ty a platinum 
strap and a wedge of poroelaii^ When the^whole 
ia exposed to beaC, the expansion of the bar drives 
forward the cylinder, which moves with 
Fig. S4. a certain degree of friction, and shows, 

bf the extent of ita displacement, the 
lengthening which the bar had under- 
gone. It remains, therefore, to measure 
the amount of this diaplaounent, whidi 
must be very amall, even when die heat 
bad been exceedingly intense. This » 
efiected l^tbe qontrivsnoe shown in the 
drawing, in which the motion of Iho 
longer aim of the lever carrying the 
veroier of the scale is multiplied by ten, 
in coDMqnenee of its superior length. 
I llie scale itself ia made compaiabte with 

that of the ordinary thermometer, by 
I plunging Ihe instrument into a bath of 

I mercury near its point of congelatioa, 

I and afterwards into another of the same 

metal in a boiling stale, and marking off 
the intervaL By this instrument the melting point of cast iron was fixed at 
2760° Fahrenheit, and the greatest heat of a good wind-furnace at about 3300°. 
The actual amount of expansion which different solids uodoqpi by the samo 
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uicrease of heat, has been carefully investigated. The following are some of 
the results obtained by MM. Lavoisier and Laplaoe. The fraction indicates 
the amount of expansion in length suffered by rods of the under mentioned 
bodies in passing from 32® to 212®. 



English flint glass 
Common French glass 
Glass without lead 
Another specimen 
Steel untempered 
Tempered steel . 
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Soft iron 
Gold . 
Copper 
Brass . 
Silver . 
Lead . 
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Metals appear to expand pretty uniformly for equal increments of heat 
within the limits stated, but above the boiling-point of water the rate of ex- 
pansion becomes irregular and more mpid. 

The force exerted in the act of expansion is very great ; in lajring down 
railways, buildmg iron bridges, erecting long ranges of steam-pipes, and in 
executing all works of the kind in which metal is largely used, it is indispens- 
able to make provision for these changes of dimensions. 

A very useAil little applicfttion of expansion l^ heat is that to the cutting of 
glass by a hot iron ; this is oonsiaBtiy practised in the laboratory for a great 
variety of purposes. The glass to be cut is marked with ink in the wished- 
for direction, and then a crack commenced by any convenient method, at some 
distance from the desired line of fracture, may be led by the point of a heated 
ivon rod along the latter with the greatest precision. 

Expaauion ofjhiidt. — ^The dilatation of a fluid may be determined by flOing 
with it a thermometer, in which the relation between the capacity of the ball 
and that of the stem is exactly known, and observing the height of the column 
at difl^rent temperatures. It is necessary in this experiment to take into ac- 
count the effects of the expansion of the glass itself, the observed result being 
evidently the difference of the two. 

Liquids vary exceedingly in this particular. The following table is taken 
£rom P^let's EUmem de Physique, 



Apparent dilatation in glass between 32® and 2129 

Water .... 
Hydrochloric acicl^ sp. gr. M37 
Nitric acid, sp. gr. 1*4 
Sulphuric acid^ sp. gr. 1*85 
Ether .... 
Olive oil . . . . 
Alcohol . • . . 
Mercury .... 
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The expansion is, for the most part, uniform between these temperatures ; 
bat beyond 212® it becomes irregular and increasing. This is well seen in 
the case of menfnry. 

Abeolute expannon qf mereuryfor 1SQ9 

Between 32® and 212® ji.j 

Between 212® and 392® ^J.^ 

Between 392® and 672® ^ 

The absolute amount of expansion of mercury is, for many reasons, a point 
of great importance : it has been very carefully determined by a method inde- 
pendent of the expansion of the containing vesseL The apparatus employed 
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fOF thia poipote t^ MH. Dulong and Petit ia shown in fig. 39, divested, how- 
ever, of many of its subordinate ports. It consiauof two upright glass tubes, 
oonnecled at their basis by a horizontal tube of much nanower dimensioos. 
Since a free communication exists between the two tubes, mercury poured 
into the one will rise to the same level in the other, provided its tenipeniture 
is the same in both tubes; when this h not the case, the LotleM column will 
be the tallest, because the eipannion of the melal diminishes its spedflc 
gravity, and the law of hydrostntio equiiibriimi requires that the heights of 

Fig. 35. 



such columns should be inversely as their densities. By the aid of the Outer 
cylinders, one of the tnbcs is maintained constantly at 32°, while the other 
is raised, by means of healed water or oil, to any required temperature. The 
perpendioiilor heights of the columng may then be read off by a horizontal 
micrometer telescope, moving on a vertical divided scale. 

These heights repieient volumes of equal weight, because volumes of equal 
weight bear an inverse prop(»tion to the densities of the liquids, so that the 
amount of expansion admits of being very easily calculated. Thus, let (he 
column at 33° be 6 inches high, and that of 313° 6'108 inches, the increase 
in hraght, lOe on QOOO, or ^.^ part of the whole must represent the absolute 
cubical expansion. 

The indications of the mercuiial thermometer are inaccurate when hi^ 
ranges of temperature are concerned, from the increased expansibili^ of the 
metal ; on this account a certain correction is necessary in many experiments, 
and tables lor this purpose have been drawn up. 

An exception to the legularily of expansion in fluids exists in the case of 
water ; it ia so remaikable, and its consequences so imponant, that it is neces- 
sarv to advert to it particularly. 

Let a large thermometer'tube be fl lied with waXet at the comtnon tempera- 
ture of the air, and then anitlcially cooled. The liquid will then be observed 
lo contract regularly, until the temperature fells to about 40°, or S° above the 
freezing point. Aflei this, a ferther reduction of temperaluie causes expan- 
sion instead of oontiaclioa in the volume of the water, and' this eipanaion 
continues until tlie liquid arrives at its point of congelation, when so sudden 
and violent an enlai^ment lates place, that the vessel is almoM invtmably 
broken. At the temperature of 40°, or more correctly, perhaps. 39° S, water 
is at its maximum donsily ; increase or diminution of heat produces upon it, 
for B short time, the same effect. 

A beautiful eiperiment by Dr. Hope illustralea the same JhcL If a tall jar 
filled with water at 90° or 60°, and having in it two small thermometers, one 
at the bottom and the other near the surface, be placed at rest In a very oold 
njom, the fidlowing changes will be ofaseived. The thermometer at the hot- 
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torn will &]] more rapidly tban that at the top, until it has attained the tem- 
perature of 40^, after which it will remain stationary. At length the upper 
thermometer will also mark 40^, but still continue to sink aa rapidly as be- 
fore, while that at the bottom remains stationary. It ia easy to explain these 
ejects : the water in the upper part of the jar is rapidly cooled by contact 
with the air ; it becomes denser in consequence, and &lls to the bottom, its 
place being supplied by the lighter and warmer liquid, which in its turn svS" 
fers the same change ; and this oircidation goes on until the whole mass of 
water has acquired its condition of mazimnm^density ; that is, until the tem- 
perature has fallen to 40°. Beyond this, loss of heat occasioiis expansion instead 
of contraetion, so that the very cold water on the sur&ce has no tendency to 
sink, but rather the reverse. , 

This singular anamoly in the behavior of water is attended by the most 
beneficial consequences, in shielding the .inhabitants of the waters from ex- 
cessive cold. 

EapantioH of gaaei, — This ,is a point of great practical importance to the 
chemist, and, happily, we have very excellent evidence upon the subject The 
ibllowing lour prox)Ositions exhibit, at a single view, the principal fabts of 
the case. 

1. All gases expand alike for equal increments of heat; and all vapours, 

when remote from their condensing-points, follow the same law. 

2. The rate of expansion is not altered by a change in the state of compres- 

sion, or elastic force of the gas itself. 

3. The rate of expansion is uniform for all de^es of heat ' 

4. The actual amount of expansion is equal to ^^^th part of the volume of 

the gas at 0° Fahrenheit, for each degree of the same scale.* 

It will be unnecessary to enter into any description bf ttite methods of in- 
vestigation by which these results have been obtained ; the itdvanced student 
will find in Pcmllei's Elemens de Phynque,and in the papers of M^. Magnusf 
and Regnault^ all the information he may require. 

' In the practical manipulation of gases, it very often becomes necessaiy to 
make a correction for temperature, or to discover how much the volume of a 
gas would be increased or diminished by a peurticular change of tempeititure ; 
lliis can be effected with great facility. Let it be required, for example, to find 
the volume, which 100 cubic indies of any gas at 50° would become On the 
temperature rising to 60°. 

The rate of expansion is ri-Q-th of the volume fft 0° for each degree ^ or 
460 measures at 0° become 461 at 1°, 462 at 2°, 4604-50=510 at 50°, and 
460-f 60=520 at 60°. Hence 

Meas. atSOO. Meas. at6(P. Meas. at S(P. Meaf. atd(P. 
610 : 620 : : 100 : 101*96 

This, and the correction for pressure, are operations of very frequent occur- 
rence in chemical investigations, and the student will do well to become fami- 
liar with them. 

Ncfte, — Of the four propositions stated in the text, the first and second have 
quite recently been shown to be true within certain limits only^ and the third, 
although in the highest degree probable, would be very difScultto demonstrate 
rigidly ] in fact, the equal rate of expansion of air is assumed in all experi? 

* Or, the amount of expansion is eqnal to lijd part of the volume which the gas . 
occupies at 33^ F., for each degree of Fahrenheit's scale.— R. B. 
t Poggendorf's Annalen. !▼., p. 1. 
t Ann»'Chim, e^Pby s.. 3d Series, iv; p. 5, and v. p. 'flBi » 
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ments on other sabstances, aiiid becomes the standard by whidi the results ard 
measured. 

The rate of expansion for the different gases is fut absolutely the same, but 
the difference is so small that for most piurposes it may with perfect safety be 
neglected. Neither is the state of elasticity altogether indifferent, the expan- 
sion being sensibly grtater for an equal rise of temperature when the gas is 
in a compressed state. ^ 

It is important to notice, that "die greatest deviations fVom the rule are exhi- 
bited by those gase^, which, as will hereaft^ be seen, are most easily liquefied, 
such as carbonic acid, cyanogen, and sulphurous add, and that the discrepan- 
cies become smaller and smaller as the elastic fbrc6 is lessened ; so that if 
means existed for comparing the different gases in states equally diitoiU from 
their points of condensation, theiie is reason to' believe that the law would be 
strictly fulfilled. 

The experiments of MM. Dulong and Petit give for the rate of expansion 
f ^^th of the volume at 0^,* this is no doubt t6(^high. Those of Rudberg give 
f 4|>st part; of Magnus fi^th; and of Regnault j^^th; the fraction jii^th is 
adopted in the text as a convenient number, sufficiently near the mean of the 
three preceding, to answer all purposes. 



Fig. 26. 



The ready expansibility of air by heat gives rise to the phenomena of winds ; 
in the temperate regions of the earth these are very variable and uncertain, 
but within and near the tropics a much greater regularity prevails ;— of this 
the ttade-unndt furnish a beautiful example. 

The smaller degree of obliquity with which the sun's rays fall in the locali- 
ties mentioned, occasions the broad belt thus stretching round the earth to be- 
come more heated than aUy other part of the surface. The heat thus acquired 
by absorption is imparted to the lowest stratum of air, which, becoming ex- 
panded, rises, and gives place to another, and in this manner an ascending 

current is established,— -the colder and heavier 
air streaming in laterally from the more tem- 
perate regions, north and south, to supply the 
partial vacuum thus occasioned. A circulation 
so commenced will be completed in obedience 
to the laws of hydrostatics, by the establish- 
ment of counter-currents in the higher parts 
of the atmosphere, having directions the re- 
verse of those on the surfiice. 

Such is the effect produced by the unequal 
heating of the equatorial parts, or, more cor- 
rectly, such would be the effect were it not 
greatly modified by the earth's movement of 
rotation. 

As the circumference of the earth is, in 
round numbers, about 24,000 miles, and since it rotates on its axis, from west 
to east, once in 24 hours, the equatorial parts must have a motion of 1000 
miles per hour j tliis velocity diminishes rapidly towards each ]pole, where it 
is reduced to nothing. 

The earth in its rotation carries with it the atmosphere, whose velocity of 
movement corresponds, in the absence of disturbing causes, with tliat part of 
the surface immediately below it The air which rushes towards the equator, 
to supply the place of that zaiaed aloft by its diminished density, brings with 
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it the degree of mothentam belonging to that portion of the earth's sur&ce 
fiom which it set oat, and as this momeotiun 
is less than that of the earth, under its new 
position, the earth itself travels faster than the 
air immediately over it, thus producing the 
effect of a wind blowing in a contrary direc- 
tion to that of its own motion^ The original 
north and south winds are thus deviated ftom 
their primitive diieotions^ and made to blow 
more or less ftom the eastward, so that the 
combined effects of the unequal heating and 
of the movement of rotation is to generate in 
the northern hemisphere a constant north-east 
wind, and in the southern hemisphere an 
equally constant south-east wind. 

In the same manner the upper or return- 
current is subject to a change of direction in the reverse order; the rapidly 
moviiig wind of the tropics, ftansferred laterally towards the poles, is soon 
found to travel faster than the earth beneath it, producing the effect of a 
Westerly wind,, which modifies the primary current 

The trade-winds, it may be remarked, fhmish an admiraUe physical proof 
of the reality of the earth's movement of rotation. 

The theory of the ac^on of chimneys, and of natural and artificial ventila- 
tion, belongs toHhe same subject. ' 

Let the reader turn to the demonstration given of the Archimedean hydro- 
static theorem: let him once more imagine a body 
inmiersed in water, and having a density equal 
to that of ^e water ; it will remain in equ^ibrium 
in any part beneath the surface, and ibr tnese rea- 
sons : — ^The force which presses it downwards is 
the weight of the body added to the weight of the 
column of water above it ; the force which presses 
it upwards is the weight of a column of water 
equal to the height of both conj<Hned ; — ^the density 
of the body is that of water, that is, it^ weighs as 
much as an equal bulk of that liquid ; consequent^, 
the downward and upward forties are equally ba- 
lanced, and the body remains at rest 

Next, let the circumstances be altered; let the 
body be lighter than an equal bulk of water; the 

pressure upwards of the column of water, a c is no longer compensated by 
the downward pressure of the corresponding column of solid and water above 
it ; the former force preponderates, and the body is driven upwards. If, on 
the contraiy, the body bd specifically heavier than water, then the latter force 
has the ascendency, and the body sinks. 

All things so described exist in a common chimney ; the solid body, of the 
same density as that of the fluid in which it floats, is represented by the air 
in the chimney-funnel; the space a 6 represents the whtrte atmosphere above 
it When the air inside and outside the chimney is at the same temperature,' 
equilibrium takes place, because the downward tendency of the air within is 
counteracted by the upward pressure ot that without 

Now, let the chimney be heated ; Ihe air suffers expansion, and a portion is 
expelled: the chimney ^erefbre contains a smaller weight of air than it did 
before; the external and internal columns no longer balance each other, and 
the warmer and tighter air is forced upwards irom below, and its place sup- 




plied by cold air. If the bcickwprk, or other material of which the chimney 
is constructed, retain its temperature, this second portion of air is disposed 
of like the J^rst, and the ascending current oontinues, so long as the sides of 
the chimney are hotter than the surrounding air. 

Sometimes, owing to sudden changes of temperature in the atmosphere, the. 
chimney may happen to be colder than the air about it The column within 
forthwith suffers contraction of volume ; the deficiency is filled up firom with- 
out, and the column becomes heavier than one of similar height on the out- 
side; the result is, that it falls out of the chimney, just as the heavy body 
sinks in the water, and has its place occupied by air from above. A descend- 
ing current is thus produced which may be often noticed in/the siunmer time 
by the smoke from neighboring chimneys finding its way into roomft, which 
have been for a considerable period- without fire. 

The Ventilation of mines has long been conducted upon the same princi- 
ple, and more recently it has been applied to dwelling-houses and assembly^ 
rooms. The mine is furnished with two shafts, or with one shaft, divided 
throughout by a diaphragm of boards ; and these are so arranged^ that air. 
forced down the one shall traverse the whole extent. of the workings before it 
escapes by the other. A fire kept in one of these shafts, by rarefying the air 
within and causing an ascending current, occasions fte^ air to traverse 
every part of the miiie, and sweep before it the noxious gases, but too fre- 
quently present 

. coirsuGTioir of hxat. 

• • • 

Bifierent bodies possess very different conducting powers with respect to 
heat : if two similar rods, the one of iron and the other of glass, be held in 
the flame of a spirit lamp, the iron will soon become too hot to be touched, 
while the glass may be grasped with impunity, within an inch of the red-hot 
portion. 

Experiments made by analogous, but more accurate methods, have estab- 
lished a numerical comparison of the conducting powers of many bodies ; the 
following may be taken as a specimen : ■ 



Gold . 


. 1000 


Tin . . . 


304 


Bilver . 


. 973 


Lead 


179 


Copper . 


898 


Marble . 


23-6 


Iron 


374 


Porcelain 


: 12-2 


Zinc 


363 


FireKslay ^ 


11-4 



As a class, the metals are by very far the best conductors, edthough much 
difference exists between them; stones, dense woods, and charcoal, follow next 
in order ; then liquids in general, and gases, whose conducting power is almost 
inappreciable. 

Under favorable circumstances, nevertheless, both liquids and gases may 
become rapidly heated ; heat applied to the b6ttom of the containing vessel is 
very speedily conununicated to its contents ; this, however, is not so much by 
conduction, as by convection, or carrying. A complete circulation is set up ; 
the portions in contact with the bottom of the vessel get heated, become 
lights, and rise 'to the surface, and in this way the heat becomes commu- 
nicated to the whole. If these movements be prevented by dividing the ves- 
sel into a great, number of compartments, the really low conducting power of 
the substance is made evident, and this is the reason "Why certain organic 
fabrics, as wool, silk, feathers, and porous bodies in general, the cavities of 
which are full of air, exhibit such feeble powers of conduction. 

The circulation of heated water throu^ pipes is now extensively applied 
^ the warming, of buildings and conservatories, and in chemical works a 
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terpentine metal tube containing hot oil is oAen used for. heating stills and 
eTapomting pans; the two extremities of the tube are connected* with the ends 
of another spiral built into a small furnace at a lower level, and an uninter- 
mitting circulation of the liquid takes place as long as heat is applied. 

CHAireS OF STATS. / 

If equal weights of water at 32^ and water at 174^ be mixed, the tempe- 
rature of the ihixture will be the mean of the two temperatures, or 103. If 
the same experiment be repeated with snow, or finely powdered ice, at 32^, 
and water at 174®, the temperature of the whole will be still only 22^fbtUtkt 
ict will hoot been mdted. 

1 lb! °i"^:^l at I?!^^'^ "-•—*«'• 

In the last experiment, therefore, as much heat has been apparently lostaa 
would have raised « quantity of water equal to that of the ice through a range 
ofl42^ 

The heat, thus become insensible to the thermometer in efiecting the Uqne* 
£actSon of the ice, is called latent heat, or, better, heat of fluidity. 

Agpun, let a perfectly uniform source of heat be imagined, of such mVemaXf 
that a pound of, water placed oyer it would have its temperature raised 10^ 
per minute. Starting with water at 32®, in racier more than 14 minutes its 
temperature would have risen to 174®; but the same quantity of ice at 32^ 
exposed for the same interval of time, would not have its temperature raised 
a single degree. But then it would have become water ; the heat received 
would have been exclusivdy employed in effecting the change of state. 

This heat is not lost, fox when the water freezes it is again evolved. If a 
tall jar of water, covered to exclude dust, be placed in a situation where it 
shall be quite undisturbed, and at the same time exposed to great cold, the 
temperature of the water maybe reduced 10® or more below its freezing-point 
without the formation of ice ; but then, if a little agitation be communicated to 
the jar, or a grain of sand dropped into the water, a portion instantly solidi- 
fies, and the temperature of the whole rises to 32® ; die heat disengaged by 
the freezing of a small portion of the water will have been sufficient to raise 
the whole contents c^ the jar 10®. ^ 

The law thus illustrated in the case of water, is perfectly generaL When- 
ever a solid becomes a liquid, a cert^n fixed and definite amount of heat 
disappears, or becomes latent ; and conversely, whenever a liquid becomes a 
solid, heat to a corresponding extent is given out The amount of latent heat 
varies much with difierent substances, as will be seen by the table: 



Water^ . 


142® 


Zinc 


493® 


Sulphur . 


145 


Tin 


500 


Lead 


.162 


Bismuth . 


560 



When a solid substance can be made to liquefy by a weak chemical attrac- 
tion, cold results, from sensible heat becoming latent This is the principle 
of the many frigorific mixtures to be found described in some of the older 
chemical treatises. When snow or powdered ice is mixed with common salt, 
and a thermometer plunged into the mass, the mercury sinks to 0®, while 

♦ Bf M ..Do la ProTOitaye and Hegnault, Ann. Ciim. el Pliys., 3d Series, viii. p. I 
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the whole, after a short period, becomes fluid by the attractioii between the 
water and the salt; sach a' mixture is very 6flen used in chemical experiments 
to cool receivers and condense the vapours of volatile liquids. Powdered 
crystallized chlonde Of cai'cium and snow produce cold enough to freeze mer- 
cury. Even powdered nitrate of potash, or sal^cunmoniac, dissolved in water, 
occasions a veiy notable d^ression of temperature ; in every case, in short, in 
which solutacm is unaccompanied by en»getio chemical action, cold is pro- 
duced* 

No relation is to be traced ];)etween the .actual melting-point of a substance, 
and its latent heat when in a &sed state. , 

A law of exactly the same kind as that described effects universally the 
gaseous condition; diange of state from solid or liquid to gas, is accompanied 
by absorption of sensible heat, and the reverse, by its disengagement.' The 
latent heat of steam and other vapors may be i^scertained by a similar mode 
of investigation to that employed in the case of water. 

When water at 32^ is mited with an equal weight of water at 212^, the 
whole is found to possess the mean of the two temperatures, or 122^ ; on the 
other hand, 1 part by weight Of ateam at 212^ when condensed into cold 
water, is found to be capable Of raising 5*6 parts of the latter from the freez* 
ing to the boiling-point, OrHirough a range of 180®. Now 1804.5-6=: 1008 j 
that iJB to say, steam at 212*^ in becoming water at 212® parts with enough 
heat to raise a Weight of water equal to its own (if it were possible) 1008® of 
the thennometer. When 'water passes into steam, the samequlintity of sen- 
sible heat becomes latent^ 

The vapors of other liquids seem to have less latent heat than that of 
water; the following table is by Br. Ure, and serves well to illustrate this 
point 



Vapor of water 

" alcohol . 
« ether 


967® 

442 

302 


" petroleum ' . 
*^ ' oil of turpentine 
" nitric acid 


178 
178 
532 


** ' . liquor ammonise 
" vinegar . 


837 
876 



lEbnllition is occasioned by the formation of bubbled of vapor within the 
body of the evaporating liquid, which rise to the surface and there break like 
bubbles of permanent gas. This occurs in different liquids at very different 
tethperatures ; under the same circumstances, the boiling-point is quite con- 
stant, and often becomes a physical character of great importance in distin- 
guishing liquids which much resemble eadi other. A few cases may be cited 
in illustration: 



Substance. 








BoUing-point. 


Ether 96*» 


Sulpburet of carbon 




i 


' 1 


116 


Alcohol 


1 


1 


■ 4 


172 


Water 


1 


1 


» 


212 


Nitric acid, strong 






1 


248 


Oil of turpentii^e 




» 


• 


314 


Sulphuric acid . 


1 


1 


i 


620 


Whale oil 


» 


K 


» 


. ,630 


Mercury 


• 


• 


• 


662 




wut* It 

l^or ebullition to take place it is necessary that the elasticity of the vapor 
should be able to overoome the cohersion of the liquid and the pressure upon 
its surface; hence the extent to which the boiling-point may be tnodified. 

Water, under the usual pressure of the atmosphere, boils at 212^; in a par- 
tially exhausted receiver, or on a mountain-top it boils at a much lower tem* 
perature, and In the best vacuum of an excellent air-pump, over oil of vitriol, 
which absorbs the vapor, it will often enter into violent ebullition while ioe 
is in the act of forming upon the surface. 

On the other hand, water confined in a very strong metallic vessel may be 
restrained from boiling by the pressure of its own vapor to an almost un- 
limited extent ; a temperature of 350® or 400° is very easily obtained, and, in 
fact, it is said that it may be made red-hot, and yet retain its fluidity. 

There is a very simple and beautiful experiment illustrative of the effect 
of diminished pressure in depressing the boiling-point of a 
liquid. A little water is made to boil for a few mmutes Fig, 29. 

in a Qask or retort placed over a~ lamp, until the air has 
been chased out, and the steam issues freely from the neck. 
A tightlj^-fitting cork is then inserted, and the lamp at the 
same moment withdrawn. When the ebullition ceases it 
may be renewed at pleasure for a considerable time by the 
aflusion of cold water, which, by condensing the vapor 
within, occasions a partial vacuum. '^ 

The nature of the vessel, or rather, the state of its snr- 
fece, exercises an influence upon the boiling-point, and this 
to a much greater extent than was formerly supposed It 
has long been noticed that in a metallic vessel water boils, 
under the same circumstances of pressure, at a temperature 
one or two degrees below that at which ebullition takes place in glass; but 
it has lately been shown* that by particular management a much grater dif- 
ference can be observed. If two similar glass flasks be taken, the one coated 
in the inside with a film of shellac, and the other completely cleansed by 
hot sulphuric acid, water heated over a lamp in the first, will boil at 211®j 
while in the second it will o^en rise to 221°, or even higher; a momentary 
burst of vapor then ensues, and the thermometer sinks a few degrees, after 
which it rises again. In this state, the introduction of a few metallic filings, 
or angular fragments of any kind, occasions a lively disengagement of vapor. 
While the temperature sinks to 212°, and there remains stationary. These 
remarkable effects must be attributed to an attraction between the surface of 
the vessel and the liquid. 

A cubic inch of water in becoming steam under the ordinary pressure of 
the atmosphere expands into 1696 cubic inches, or nearly a cubic foot 

Steam, not in contact tpith water ^ is affected by heat in predaely the same 
manner as the permanent gases; its rate of Expansion and increase of elastic 
force are the same. When water is present, however, this is no longer the 
case, but, on the contrary, the elastic force increases in a flur more rapid pro- 
portion. 

This elastic fbrce of steam in contact with water, at different temperatures, 
has been Very carefully determined by MM. Arago and Dulong. The force 
is expressed in atmospheres ; the absolute pressure upon any given surfhcecan 
be easily calculated, allowing 14*6 lbs. to each atmosphere. The experiments 
were carried to 25 atmospheres, at which point the difficulties and danger 
become so great as to put a stop to the inquiry ; the rest of the table is the 
result of calculations founded on the data so obtained. 

• Marcet, Ann. Chim..et Pbys., 3d Series, v. p. 44$. 
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PreMureoftteam 




Gomtponding 


Pressure of steam 




Correspondifig 


in atmotphereB. temp. Fahr. 


in atmospheres, temp. Fahr. 


1 . . > . 212*» 


13 . . . . 381® 


1-5 






234 


14 .. 






387 


2 






251 


15 . , 






393 


2-5 






264 , 


J6 . . 






398 


3 


^ 




275 


17 . 






404 


3-5 


' 




285 


18 . 






409 


4 






294 


19 . 


' 




414 


4-5 






300 


20 . 






418 


5 






308 


21 . 






423 


5-5 






. 314 


2^ . 






427 


6 






320 


23 . 




) 1 4 


431 


6-5 






326 


24 w 






436 


7 






332 


25 . 






439 


7-5 






337 


30 . , 






457 


8 






342 


35 . 






473 


9 






351^ 


40 . 




^ 


^ 487 


10 






359 


45 . 




• 


491 , 


11 






367 


50 . 






511 


12 






374 











It is a veiy remarkably fact, that the latent heat of steam diminishes as the 
temperatiijre of the steam rises, so that equal weights Of steam thrown into 
cold water exhibit the same heating power, although the actual temperature 
of the one portion may- be 212*^ and that of the other 350® or 400®. Thislias 
also been found to be true at tiemperatures below the boiling-point; so that, it 
seems, to evaporate a given quantity of water the same absohUe amount of 
heat is required whether it be performed slowly at the temperature of the air 
in a manner presently to be noticed, or whether it be boiled off imder a pres- 
sure of. 20 atmospheres. It is for this reason that the process of distillation 
in yactio at a temperature which the hand can bear, so advantageous in other 
respects, can effect no direct saving of fuel. 

The economical applications of steam are ntmierous and extremely valuable ; 
they may be divided into two classes; those in which the heating power is 
employed, and those in which its elastic force is brought into use. 

The value of steam as a source of heat depends upon the facility with 
which it may be conveyed to distant^ points, and upon the large amount of 
latent heat it contains, which is disengaged in the act of condensation. An 

invariable temperature of 212®, or higher, may be 
kept up in the pipes or .other vessels in which the 
, steam is contained by the expenditure of a very 
small quantity of the latter. Steam baths of various 
forms are used in the arts with great convenience,- 
and also by the scientific chemist for. drying filters 
and other objects where excessive heat wotild be 
hurtful ; a yery good instnmient of the kind was 
contrived by JVfr. Everitt. It is merely a small 
kettle, surmounted by a double box or jacket, into 
which the substance to be dried is put, and loosely 
covered by a card. The apparatus is placed over a 
lanip,'and may be left wiUiout attention for many 
hours. A little hole in the side of the jacket gives 
vent to the excess of steam. 
The principle, of the 8team-«ngine may be described in a few wc»rds; its 



Fig. 30. 




mechaiiical detaJIs do sot belong to the deijga of die preamt vtdnme. Tha 
miuhiae oonsists ewentisllr of a cj^indei of metal, a, in which woiIu m 
eloael^-fitting, solid piBtcni, the lod of which 

pasaes, air-Ci^t, through aaluffiag-boz at the Fig. 31 

top Of Che cylindei, and is cnnnecteil with 
the mochineij to be put in motion, directiy, 
or bf the interventioliof onoacillatiiigbeam. 
A pipe rommonicates with the inlerioi of 
the cylinder, and also with a vessel sur- 
tDunded wkh i^tAd water, called the conden^ 
ser, EOBiked b in the sketch, end into which 
a jel of cold water can at pleasure be in- 
troduced. A sliding-TalTe aiTangemeDt, 
shown at c, serves to open a conimunioation 
between the boiler and the c^linder,and the 
cylinder and the condensei, in such a man- 
ner that while the steam is allowed to press 
with all its force upon one side of the piston, 
the other, open to the cotidenser, is neces- 
sarily vacuous. The valve is shifted by the 
engine itself at the proper moment, so that 
die piston is alternately driven by the steam 
up and down against B vacuum. A Itiqe 
air-pump, not shown in the engraving, is 
connected with the oondenser, and serves to 
remove any aii thai may enter the cylinder, 
and also the water produced by condensa- 
tion, together with thai which may have been 
injected. 

Such is the vacuum or condensing steam- 
engine. In what is called the high-pressure 
engine, the oondenser and air-pomp are sup- 
pressed, and the steam i!i allowed to escape 

at once from the cylinder into the atmosphere. It Is obvious thatin (his ansnge- 
roent the steam has to overcome the who!e pressure of the air, and a much 
greater elastic foroe is required to produce the same effect; but tins is toa very 
great extent compensated by the absence of the air-pump and the increased 
simplicity of the wbtde machine. Large enginea,both on afaote and in steHm- 
■hips,are usually constructed on the condmsiDg principle, the pressure seldom 
exceeding six or seven pounds per square inch above that of the atmoepheie ; 
for small engines the high-pressure plan is, perhaps, preferable. Locomotive 
engines are of this Mnd 

There is a method of empk^ng hlgh^ressute steam with the ccHimion 
condensing engine, which has been long adopted in Cornwall, and is now 
getting into frequent use. The steam is out off from ihe cylinder at caie-thinl 
or less of the stroke, the movement of the piston being completed by the elas- 
ticiqr of thee already admitted. The use of steam apaniivdy in this way is 
said to effect great saying of fuel, which is still further economized by a pecu- 
liarity in the construction of Ae hoileis of these engines. The consDuit 
objection to high pressure engines, the danger of eiplorfon, will, perhaps, tend 
to prevent the general introduction or this impmvement. 

The process of distillation is very simple^ its object is either to separate 
substances which rise in vapor at different tempaiamres, or to part a volatile 
liquid from a anbataoce incapable of volatUization. The same process applied 
to bodies which pass directly item the solid to the gaseous condition, and the 
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leverse, is called tuhHmaii9n. Every distillatorjr apparatus conaistB eseexk- 
tially of a boiler, in which the vapor is raised, and of a condenser, in which 
it returns to the liquid or solid condition. In the still employed for mapufaoo 
turing purposes, the latter is usually a spiral metal tube inmiersed in a tub of 
water. The common retort and receiver constitute the simplest and most 

Fig.Z2. 




generally useful arrangement for distillation on the small scale; the retort is 
heated by a lamp or a cheurooal fire, and the receiver is kept cool, if necessaiy, 
by a wet cloth, or it may be surrounded with ice. 

The condenser of Profesaor Licibig is a very valuably instrument in the 
laboratory; — it consists of a glass tube tapering from end to end, fixed by 
perforated corks in the centre of a metal pipe, provided with tubes so arranged 
that a current of cold water may circulate through the apparatus. By put- 
ting a few pieces of ice into the little cistern, the temperature, of this w^atex 
may be kept at 32^, and extremely volatile liquids condensed. 

Fig. 53. 
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Liqaids^evapoiete at tempenitures below their boilixig'pQintf; in this case 
the ev^poiation tajces pfisuse solely from the surface. Water, or alcohol, ezr 
posed in an. open vessel at the temperature of the air, gradually 
dries up and- disappears ; the more rapidly, the warmer and drier 
the air above it 

This fact was formerly explained by supposing that air fmd 
gases in general had the power of dissolving and holding in solu- 
tion certEdH quantities <>f Uquids, and that this power increased 
with the temperature ; such im^ idea is incorrect. 

If a barmneter->tube be carefully filled with meicnry and in- 
verted in the usual maxmei, and then a few drops of water passed 
up the tube into ibe vacuum above, a very remarkable efiectwill 
be observed ; — ^the mercury will be depressed to a small extent, 
and this depression will increase with, increase of temperature. 
Now, as the space above the mercury is void of air; and the weight 
of the few drops of water quite inadequate to account for this 
depression, it must of necessity be- imputed to the vapor which 
instantaneously rises from the water. into the vacuum; and that 
this efiect ia really due to the elasticity or tension of the aqueous 
vapor, is easily proved hy exposing the barometer to a heat of 
212^, when the depression of the mercury will be complete, and 
it will stand at the same level, within and without the tube, indi- 
cating that at that temperature the elasticity of the vapor is 
equal to thatof the atmosphere ; — a ^t which the phenomenon 
of ebullition has already shown. 

By placing over the baitxneter a wide open tube dipping into 
the mercury, below, and then filling this tube with water at dif- 
ferent temperatures, the tension of the aqueous vapor for each 
degree of. the thermometer may be accurately determined by its 
depressing effect upon the mercurial column ; the same power 
which forces the latter down one inchr against the pressiHe of the 
atmosphere, would of course devote a^colunm of mercury to the 
same height against a vacuum, and in this way the tension may 
be very conveniently expressed. The following table was drawn 
up by I>r. Balton, to whoni we owe the method of investigation. 






Tension in inches 




Tension in InehM 


Temp. 
32<* 


pf Mercury. 
. ^ -200 


Temp. 
130* 


of Mercury. 
4-34 


40 


. ' -263 


140 


6-74 


60 . , 


•375 


150 


7-42 


60 


•624 


160 . 


9-46 


70 


. -721 


170 


1213 


80 


1-000 


180 


1516 


90 


1-360 


190 , . 


19-00 


100 


1-860 


200 


23-64 


110 


2.530 


212 


30-00 


120 


3-330 


, 





Other liquids tried in this manner are found to emit vapors of greater or 
less tension, for the same temperature according to thqir different degrees pf 
volatility; thus a little ether introduced into the tube depresses the mercury 
lU inches or more at the ordinary temperature of the air ; oil of vitriol, on 
the other hand, does not emit -any sensible quantity of vapor until a much 
greater heat is applied; and that given off by mercury itself in wam^ simmier 
weather, although it may by very delicate means ,be detected, is far top little 
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to ezercise any effect upon the barometer. In the case of water the evaporation 
is quite distinct, and perceptible at the lowest temperatures, when frozen tO 

solid ice in the barometer-tube ; snow on the ground, or 
on a house-top, majr often be noticed to vanish from the 
same cause day by day in the depth of winter, when 
' melting is impossible. 

There exists for eacln vapor a state of density which it 
cannot pass without losing it9 gaseous condition and be- 
coifiin^ liquid; this point is called the condition of maxi- 
mum density. When a volatile liquid is introduced in 
sufficient quantity into a vacuum, this ocmdition is always 
zepched, and then evaporation ceases. Any attempt to 
increase the specific gravity of this vapor by compressing 
it into a sniper space will be attended by the liqnefacr 
tion of k portion, the density of the remainder being 
unchanged. If a little ether be ihtroduced into a bard* 
meter, and the latter slowly sunk into a very deep cis- 
tern of xnercnry, it will be fbund that the height of the 
^S^ column in the tube above that in the cistern remains un- 

VqJr altered until the upper extremity of the barometer ap- 

proaches the surface of the metail in the reservoir. It 
will be observed also, that as the tube sii^ks the little 
stratum of liquid ether increases in thickness, but no in* 
crease of elastic force occurs in the vapor above it, and, 
consequently, no increase of density, for tension apd dens^ 
iiy are always direcdy projJortionate to each other in the 
same vapor. 

/ The point of maximum density of a vapor id dependent 
upon ^e -temperature ; it increases rapidly as the tempe- 
rature rises. Thus, taking the specific gravity of atmo- 
spheric air at' 212*^=1000, that of aqueous vapor in its 
greatest possible state of compression for the temperature 
will be as follows : — 



Temp. 
32^ . 


Specific gravity. Wei 


ght of 100 cabic inches. 


5-690 


•136 griains 


50 


10-293 '. - 


•247 , 


60 . 


14-10^ 


•338 


100 


. 46-500 .. 
. 17Q-293 


1-113 


160 


4.076 


212 


. 625-000 


14-962 



The last number was experimentally found by M. Gay-Lussac ; the others 
are calculated upon that by the aid of Dr. Dalton's table of tensions. 

Thus pressure, by causing an increase of density, may cause a vapor to 
assume a liq|uid form, the same efiect is produced by cold, inasmuch as the 
latter depresses the point of maximuni density. 

For example, if 100 cubic inches of perfectly transparent and gsrseous 
vapor of water at 100°, in the state above described, had its temperature re- 
.du6ed to 50°, not less than -89*, grain of fluid water would necessarily sepa- 
rate, or very nearly eight-tenths of the whole. 

Evaporation into a space filled with air or gas follows the same law as 
Evaporation into a vacuum : as much vapor rises, and the Condition of maxi- 



' • 100 cubic inches aqaeoas vapors at lOOO weighing 1-113 grains, would at 50^ become 
educed to 90-1 cubic inches, weighing -833 grains. 



nuKn deatatf is aamnwd in the nme mmnmm as Sf the sp^fe were pehEacUy 
mptf ; the aole diffeienoe lies in the length of time required. When- a Uqui4 
evaporates ixtto a Yficwam. the point of greatest (Penally is attained at once, 
while in the other ease some time elapaes before this happens ; the particles 
of ak appear to oppose a sort of meofaanical resislBooe lo the rise of the 
vapor. The oltiinate efieot is, however, pseoisely the same. 

When to a quantityof perfeotijr dry gas oonfined in a vessel closed by mer- 
emy, a little water is added, the latter immedialely begins to evaporate, and 
after eeme time as mueh vapor will foe found to have risen from it as if no 
gss had been psesent, the quantity depending entirely on the temperature to 
which the whole is subjected. The tension of this vapor will add itself to 
that of tlie gas and produce an expansion of volume, whieh will be indicated 
by an alteration of level in the mercury. 

Vapor of water esdsts in the atmosphere at all times, and in all situations, 
and there plays a knost important part in the economy of nature. The pro- 
portion of aqueous vapoc present in the. air is sulq'eot to great variation, and 
it often beoomes exceedingly important to determine its quantity. This is 
easfly done by the aid of tiie foregoing principles. 

If the aqueous vapor be in its ccxklition of greatest possible density for the 
temperature, or, as it is lirequently but most inooneotly expressed, the air be 
Baturated with vapor <^ water, the lightest reduotiQa of temperature will 
cause the deposition of a portion in the liquid forau J£t on the contrary, as 
is almost always in reality the case, the vapor of water be below its state of 
nwtiimum density, that is, in an expanded condition, it is clear that a eon> 
siderable iaU of temperature may occur b^care liqueffaotion commences. The 
de^ee at whksh this talces plaoe is called the dew-pointy and it is determined 
with great &cility by a very simpde method, A little cup of thin tin^te or 
silver, well polished, is filled with water at the temperature of the air, and a 
delicate thermometer inserted. The water is then cooled by dropping in frag- 
ments of ice, or dissolving in it powdered sal-ammoniac, until a deposition of 
moisture begins to make its appearance on the outside, dimming the bright 
metalhe surface^ The temperature of the dew-point is then read <^ upon the 
tiiermometer, and compared with that of the air. 

Suppose, by way of example, that the latter were 70® and the dew-point 
50® J the elasticity of the watery vapor present ^ould oorrespoiid to a maxi* 
mum density proper to 50®, and would support a column of mercury '375 
inch high. If the barometer on the spot stood at 30 inches, therefore, 29*652 
inches would be supported by the pressure of ihe dry air, and the remaining 
'375 inch by the vapor. Now a cubic foot of such a mixture must be looked 
vspoxk as made up of a cubic foot of dry air, and a cubic foot of watery vapor, 
occupying the same spaoe, and having tensions indicated by the numbers juif 
mentioned. A cubic foot, or 1728 cubic inches of vapor at 70® would become 
reduced by contraction, according to the usual law, to 1662*8 cubic inches 
at 50®; this vapor would be at its maximum density, having the specific 
gravity pointed out in the table; hence 1652*8 cubic inches would weigh 
4*11 grains. The weight of the aqueous vapor contained in a cubic foot of 
air will thus be ascertained. In this eountiy the difference between the tem- 
perature of the air and the dew-point seldom reaches 30®; but in the Deccan, 
with a temperature of 90®, the dew-point has been seen as low as 2 9®, making 
the degree of dryness 61®.* 

Another method of finding the proportion of moisture preset in the air'is 
to observe the rapidity with which evaporation takes place, and which is 
always in some relation to tlie degree of dryness. The bulb of a thermometer 

• Mr. Daniell, Introduction to Chemical Philotophy, p. 154. 



it corered with mnilin, and kepi wet with water ; evspotatioa pnidiioei odd, 

■■ will pTesently be seen, and accotdingly tlie thermomctei' goon rinks below 

the actual tempentuie of the air. When it comeB to test, the degree is 

nolioed, and fVoni a campHiiaoa ot the two teDiperamrea bh 

Fig. 36. spproiimatkni to the dewpoint can be obtained bythe aid of 

a matbenuUieBl formula, contrived for the purpose. This ia 

called the wet-bulb hjgitiinetei; it is often^nuide in the maimer 
shown in the margin, where one thermometer aerres to indi- 
OBte the temperature of the air, and the other 10 show ibo 
late of evaporation, being kept wet by ilie little water reser- 

It will be apparent, ftom what has been already laid, that 
the ciitnunstanceB most fevoiabie to the condennlion of a 
vapor occur when cold and preuure are conjtdned. The 
perfect resemblance in every respect whioh vapors bear to 
pennHoent gases led, very iiaRimlly,lo the ideii that the latter 
might, by the application of suitaUe means, be made to assume 
the liquid condition; and this sarmise has; in the hands of 
Mr. Faraday, been to a great extent veiiQed. It has been 
BboWD that out of the gmall aumbei of Buch mbatauces, not 
lee* than eight gave way; and it is quite fair to infer that had 
means of sufficient power been at hand, the rest would hava 
shared the sHme fate, and pioved to be nothing more than the 
vaptm of volatile hqnids in a male very Stf removed lh)m 
thu of their maximnm density. The subjoined table repre- 
sents Mr. f^uaday'a remits, with the presioce in atmoapherea, 
and the temperature at which the condensation took place.* 
Atmoipheres. Temp. 

SnIphurouB Hcid . . , 3 . . . . 45*' 

Sulphuretted hydrogen .. 17 .... SO 

CartKjnic acid 

Chlorine 

Ammonia 

Hydrochloric acid 

The method of proceeding was very simple ; t 

in a strong narrow tube, together with a little pressure-guage, consisting of a 

slender mbe closed at one end,and having within it,nev the open eitremity, 

a ^obule of mercury. The gas being disei^faged 1^ the application of hea^ 



or otherwise, accmnnlated in the tube, and 1^ its own pressure brought about 
oondensalion. 'Rie fbrce required ibr this purpose was judged of by the 
diminution of volume of the air in the gnage. 

Since these beautiful experiments were made, means have been devised 

for obtaining liqnefled carbonic acid in much larger quantity ; Sir Isambard 

Bronel, and, more recently, M. Tiiilorier, of Paris, stuceeded in obtaining this 

• PhiL Tiuis. for 1693, p. ISB. 
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curious liquid in great Bbundance. Ths appamtus of M. Thilorier coiuisU 
of a pair of exuemely strong metallic vessels, one or which is destined lo 
serve the porpoae of a retort, and the other that of a receiver. They are 
made either i^ thick caHt-iion or gun-ntolal, or, still better, of the best and 
heaviest boilei-plato, and are furnished with stop-cocks of a particular kioil, 
&e workmanship of which must be eicellenL The generating vessel or reiort 
has a pair of tnmmonB upon which it swings in an iron frame. The joints 
are secured by collars of lead, and every precaution taken to prevent leakage 
under the enortnous pressuie the vessel has to bear. The receiver resembles 
the retort in evoryreapect;'ithaa a similar stopcock, and is connected with the 
retort by a strong copper tube aitd a pair of union screw-joints ; a tube passea 
fiom the stop-cock downwards, and terminates near the bottom of the veael. 



Tbe opeiatjon is thus conducted : S j lbs. of bicarbotnle of soda, and Oi lbs. 
of water at 100", are introduced Into the generator ; oil of vitriol, to the amount 
of IJ lb. is poured into a oopper cyiindricai vessel, which is lowered down 
into the mixnire, and set upright; the Bto[K!Ock is then screwed into its 
place,and forced home bya spanner and mallet The niachine Is next tilted 
np on its trurmions, that the acid may run out of ths cylinder and mix with 
the other contents of the generator ; and this mixture is &vored by Bwinging 
the whole bactwaids and forwards for a few minD(es,Bfiac. which it may be 
■nfiered to remain a little time at resL 

The receiver, surrounded with ice, ja rteit aoDneMed to the generator, and 
bath cocks opened; the liquefied carbonio acid distils over into the colder vea- 
sel,and thsreagain in part condenses. The cocks are now closed, die vessels 
diaoonnacted, the cock of the generator opened to allow the conlained gas to 
escape; and lastly, when the issue of gas Aoi qmtt ttoKd, tha slo^-oock itaelf 
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Hoscrewed, and the sulphate of Boda turned out This operation must be re* 
peated five or six times before any very considerable quantity of liquefied acid < 
will have accumulated in the receiver. When the receiver thus charged has 
its stc^p-oock opened, astream of th^ liquid is forcibly drivfsn up the tube by 
'the elasticity of the gas contained in the upper part of the vessel. 

It will be quite proper to point out to the experimenter the great personcd 
danger he incurs in using this apparatus unless the greatest care be taken in 
its management A dreadful accident l^is already occurred in Paris by the 
bursting of one of. the iron vessels. 

The cold produced by evaporation has been already adverted to^ it is simply 
an effect arising fr(»n the conversion of sensible heat into latent by the rising 
vapor, and it may be illustrated in a variety of ways. A little ether dropped 
on the hand thus produces the sensation of great cold, and water contained in 
a thin glass tube, surrounded by a bit of rag, is speedily frozen when kept 
wetted with ether. 

Wh^i a little water is put into a watch-glass, supported by a triangle of 
wire over a shallow glass dish of sulphnric acid placed on the plate of a good 

iur^pwnp, the whole covered with a low re- 
Fig» 39. ceiver, and the air withdmwn as perfectly as 

possible, the water is in a few minutes converted 
into a solid mass of ice, and the watch-glass very 
frequently broken by the expansive power of the 
lowM povtion, a thick crust first forming on the 
surface. The absence of the impediment of the 
air, and the rapid absorption of watery vapor 
by the cal of vitriol, induce such quick evapora- 
tion, that the water has its temperature almost 
immediately reduced to the freezing point 

The isame feet is shown by a beaiitifiil instrument contrived by Dr. Wol- 
laston, called a cryophorus or frost-carrier. It is made of glass, of the figure 
represented, and contains a smallquantityof water, the rest of the space being 
vacuous. When all the water is turned into the bulb, and the empty extremity 
plunged into a mixture of ice and salt, the solidification of the vapor gives 
rise to such a quick evaporation from the surface of the water, tha^ the latter 
freezes. 

Fig,AO. 





All means of producing artificial cold yield, however, to that derived ilrom 
the evaporation of the liquefied carbonic acid, just mentioned. When a jet 
of that liquid is allowed to issue into the air from a narrow aperture, such an 
intense degree of cold is prbduoed by the vaporization of a part, that the re* 
Riainder freezes to a solid, and falls in a shower of snow. By sofieTing this 
jet of liquid to flow into a metal box provided for the purpose, shown in the 
drawing of the apparatus, a large quantity of the solid acid may be obtained: 
it closely resembles snow in appearance, and when held in the hand occasions 
a painful sensation of cold, while it gradually disappears. Mixed with a little 
ether, which seems to dissolve it, and poured upon a mass of mcvcury; the 
latter is almost instanUy frozen, and in ttks way pounds df the solidified metal 
ttiagr be obtained. 
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The piineiple of ihe cr}nophorus has been yety Fig. 41. 

happily applied by Mr. Daniell to the constractioii 
of a dew-point hygrometer. The instrument itself 
is figured in the margin. It consists of a bent 
glass tube terminated by two balb^ one of which 
6, is half filled with ether, the "^hole being ra- 
cuous, a9 respects atmospheric air. A delicate 
thermometer is contained in the longer limb, the 
bulb of which dips into the ether; a second 
thermometer on ^e stand serves to show the 
actual temperature of the air. The upper bulb 
0, is oorered with a bit of muslin. When an 
observation is to be made, the liquid is all tians- 
ferred to the lower bulb^ and ether dropped upon 
the upper one, imtil by tfa^ cooling effects of eva- 
poration a distillation of the contained liquid takes 
place firom one part of die apparatus to the other, 
b^ whidi such a reduction of temperature of the 
ether is brought about, that dew is deposited on 
the outside of the bulb 6, which is made of black 
glass in order that it may be more easily seen. 
The difierence of temperature indicated by the 
two thermometers is then read o£ 

CAYACITT VOK BXAT; SFlOIVie ItXAT. 

Let the reader renew a snpposltknfi made when the doctrine of latent heat 
was under consideration; let him imagine the existence of d unifbrm source 
of heat, and its intensi^ such as to raise one pound of water 10® in 30 
minutes. If, now;, the experiment be repeated with equal weights of mercury 
and oil, it will be found, that instead of 90 minutes, 1 minute will suffice in 
the fenner «ase, and 15 minutes in the latter. 

This ejiperiment serves to point out the very important fact, that different 
bodies bftve different capaeUuifir heat; that equal weights of water, oil, and 
mercury require, in order to rise through the same, range of temperature, 
quantities of heat in the proportion of the numbers '30^ i5, and 1. This is 
often expressed by saying that the spec^ heat of water is 30 times as great as 
that of mercury, and the specific heat of oil 15 times as great 

Again, if equal weights of water at 100°, and oil at 40°, be agitated together, 
the temperature of the whole will be found to be 80°, instead of 70°, the mean 
of the two; and if the temperature be reversed, that of the mixture will be 
only 60**. Thus, 

1 lb. water at 100° > . _• *. ^ * oaq u 

1 lb. of oil at 40 J 8^^® * °^*^ ** ^^ i ^^^'^^^ 

Loss by the water, 20°. 

Gain Igr the oil, 40°. 

1 lb! of ^fat' *\oO I «^^® * "^^'^^ ** 60°; hence. 
Gain of water, 80°. 
Loss of oil, 40°. 

This shows the same fact, that wat^r requires twice as miich heat as oil to 
produce the sam,e thermometric effect. 

There ace three distinct methods hy wbich the speeifle heat of various sub- 
sianees may be estin^atod. The first of these is by observing the quantity of 
ice melted by a given wei^t of the substance heated to a particular tempe- 
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latore; the seoond is by noting the time which the heated body reqaires to 
oool down through a certain number of degrees; and the third, is the method 
of mixture, on the principle illustrated; this latter method is preferred as the 
most accurate. . 

The determination of the specific heat of different substances has occupied 
the attention of many experimenters; among these MM. Dulong and Petit, 
and recently, M. Regnault, deserve especial mention. It appears that each 
solid and liquid has its own specific heat ; and it is probable ^t this, instead 
of being a constant quantity, -varies with the temperature. Very little is 
known respecting the specific heat of gases; the inTestigatio^ being attended 
with the greatest difiiculties; one thing, however, is dear, namely, that the 
specific heat varies with the state of condensation, being greater in proportion 
to the rarefaction of the gas. Thus, when air is expanded, a &Ijl of tempe- 
rature results, and when it is compressed, heat is evolved, which may even 
reach the. temperature of ignition; syringes by which tinder is kindled are 
constructed on this principle. In the upper regions of the atmosphere the 
cold is intense; snow covers the highest mountain-tops even within the 
tropics, and this is due to increased papacity for heat of the expanded air. 
MM. Dulong and Petit observed in the course of their investigation a most 
remarkable circumstance. If the specific heats of bodies be computed upon 
equal weights, numbers are obtained, all dififerent, and exhibiting no relations 
among themselves; but if, instead of equal weights, quantities be taken in the 
proportion of the chemical equivalents, an almost perfect coincidence in the 
numbers will be observed, showing that some exceedingly intimate connection 
must exist between the relations of bodies to heat and their chemical nature ; 
and when the circumstance is taken intq view that relations of even a still 
closer kind link together chemical and electrical phenomena,, it is not too 
much to expect that ere long some law may be discovered far more general 
than any with which we are yet acquainted. 

The following^ table is extracted from the memoirs of M. Regnautt, with 
whose results most of the experiments of Bulong and Petit closely coincide. 









Specific heat of 






Specific heat of 


Snbstancei. equal weights. equivaleot weichts. 
Water .... I'OOOOO 


Oil of Turpentine . 




•42593 


Glass 




•19768 


Iron 


• 




•11379 . . . 3-0928 


2inc 


1 




•09666 


i 




3-0872 


Copper . 


i 




•09515 


k t 




3-0172 


Lefld .. 


k 




•03140 






3-2681 


Tin 


, 




•05623 






3-3121 


Nickel . 


» 




•10863 






3-2176 


Cobalt . 






•10696 






31628 


Platinum 






•03243 






3-2054 


Sulphur 






-20259 






3-2657 


Mercury 




. ^ . 


•03332 






3-7128 


' Silver . 






•05701 






6*1742 


Arsenic . 






•08140 






61326 


Antimony 






•05077 






6-5615 


Gold .^ 






•03244 






6-4623 


Iodine . 






•05412 






6-8462 


Bismuth 






•03084 






2-1917 



Of the numbers in the second column, the first ten 
closely to each other to be the result of mere accidental 
that follow are yexy nearly twice as great; and the last 



approximate far too 
coincidence; the five 
is one-third less. 
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Independentiy of experimental errors, there are many circumstanoes which 
tend to eho'w, that if all modifying causes oould be compensated, or their 
effects allowed for, the law would be rigorously true. 

The observations thus made upon elementary substances have been ex- 
tended by M. Regnault to a long series of compounds, and the same curious 
law fouiid, \irith the abore limitations, to preyail throughout, save in a few 
isolated cases, of which ah explanation can perhaps be given. 

Except in the case of certtdn metallic alloys, where the specific heats were 
the mean of those of their constituent metals, no obvious relation can be traced 
between ^le specific heat of the compound body, and of its components. The 
most general expression of the ihcts that can be given is the following : — 

/a bodieg of gimUar diemical coruHtution, the gptafic heati are in an inverm 
ratio to the equivalent vrnghtij cr to a muUipU or submultqtb of the htter,-^ 
Simple as well as compound bodies will be comprehended in this law.* 

Sources, of Heai. — ^Iliei first and greatest, and compared with which all 
others are totally insignificant, is the sun. The luminous rays are accom- 
panied by rays of a heating nature, which, striking against the surface of the 
earth, elevate its temperature; -this heat is communicated to the'air by con- 
vection, as already described; air and gases in general not being sensibly 
heated by the passage of the rays. 

A second source of heat is supposed to exist in the interior of the earth. It 
has been observed, that in sinking mine^afls, boring for water, &c^ the 
temperature rises in descending at the rate, it is said, of about 1^ for every 
45 feet, or 1179 per mile. On the supposition that the rise continued at the 
same rate, at the depth of less than two miles, the earth would have the tem- 
perature c^ boiling water ; at nine miles it woiUd be red-hot ; and at 30 or 40 
miles depth, all known substanpes would be in a state of fusion.t 

According to this idea, the earth must be looked upon as an intensely-heated, 
fluid spheroid, covered withn crust of solid badly-conducting matter, cooled by 
radiation intp space, and bearing somewhat the same proportion in thickness 
to the ignited liquid within, that the shell 4)f an egg does to its fluid contents. 
Without venturing to ofier any opinion on this theory, it may be sufiicient to 
observe that it is not positively at variance with any known fact; that the figure 
of flie earth is really such as would be assumed by a fluid mass; and lastly, 
that it ofibrs the best explanation we have of the phenomena of hot springs 
and volcanic eruptions, and agrees with the chemical nature of their products. 

Hie smaller, and What may be called secondary, sources of heat, arb very 
numerous ; they may be divided, for the present, into two groups,' mechanical 
motion and chemical combination. To the first, must be referred elevation of 
temperature by frictbn and blows; and to the second, the effects of combus- 
tion and animal respiration. With regard to the heat developed by friction, 
it appears to be indefinite in amount, and principally dependent upon the 
nature of the rubbing surfaces. An experiment of Count Kumford is on record, 
in which the heat developed by the boring of a brass cannon, was sufficient to 
brii^ to tiie boiling-point two and a' half gallons of water, while the dust or 
shavings of metal, cut by the borer, weighed « few ounces only. Sir H. Davy 
melted two pieces of ioe by rubbing them together in vacuo at 32^ ; and un- 
civilized men, in various parts of the world, have long been known to obtain 
fire by rubbing together two pieces of dry wood. The origin of the heat in 
these cases is by no means intelligible. 

* Ann. Chim. et Phys., Ixxiii. p. 5 ; and the same, 3d Series, i. p. 1^. 
. t The new artesian well at Grenelle, near Paris, hat a depthof 1794-5 Engiish feet ; 
It is bored throagh the chalk basin to the sand beneath ; the work occupied seven years 
and two months. The temperatnre of the water, which is ezoeedingly abundant, is aso 
Paht. ; the mean temperatnre of Paris is 5I0 Faht. ; the difference is 31(>, which gives a 
rate of about to ^r 58 feet. 
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Tab subject of light is to little ooimected with elementajy chemistrj, that 
a very slight notice. of some of the most important points will suifioe. 

Two views have been entertained respecting the nature of light. Sir Isaao 
Newton imagined that luminoas bodies emitted, or shot out, infinitely small 
particles in straight lines, which, by penetrating tiiie transparent part of the 
eye, and falling upon the nerVous tissue^ ]»odueed vision* Other philosophers 
d^ew a parallel between the properties of light and those of sounds and consi- 
dered that as sound is 6ertaiiily ^e effect of undulations, oif little waves, 
Inopagated through elasHe bodies in all directions, so light might be nothing 
OMire than the consequence of similar undulations, l3ransnutted with iocon- 
eeivable velocity through a hi^dy elastic medium, of excessive tenuity, -filling 
all space, and ooonpying the intervals between the particles of material sub- 
stances, to which Uiey gave the. name of ether,- The wave^jrpothesis of 
light is at present most in favor, as it serves to explain certain Bingnlat 
pihenomena, discovered sioce Ae time of Newton, with greater fiK»liiy than 
the odner. 

A ray of li|^ emitted fiom a luniinous body proceeds in a straight line^ 
and with extreme velocity. Certain aatroaomkal observations affinrd the 
means of approximating to a knowledge of this velocity. The satellites of 
Jupiter revolve about the planet in the same manner as the moon about the 
earth, and the time required by each for tiie purpose is exactly known. NoW| 
it has been fcnmd by accurate observation, that when the earth is at its great* 
est distance ftom Jupiter, the passage of any particular satellite into the shar 
dow of the planet takes place 16 minutes and 26 seconds later than when the 
earth is at the opposite point i)£ its orbit ;>— that is, in other words, that the 
ray of Hght ftom the satellite requires that interval of time to pass across the 
orbit of the earth, and since this space is little short of 200 millions of mileS| 
the velocity of light cannot be less than 200,000 miles in a second of time. 
It will be seen, hereafter, that this rapidity of transmission is rivaled by that 
of the electrical agent 

When a ray of light falls on a plane sur&ce, it may be disposed. of in three 
ways ; it may be absorbed and disappear altogether j it may be reflected, or 
thrown off, according to a particular law ; or it may be partly absorbed, partly 
reflected, and partly transmitted* The first happens when the surface is per* 
fectly black and destitute of lustre ; the second, when a polished surfitce of 
any kind is employed; and the third, wh«i the body upon which the light 
ihlls is of the kind called tran^arent, as glass or wat^. 

The law of reflection is extremely sim- 
ple. If a line be drawn perpendicular 
to the surAce upon which the ray falls, 
and the angle contained between the 
ray and the perpendicular measured, it 
will be found that the ray, after reflexion, 
takes such a course as to make with the 
perpendicular an equal angle on the oppo- 
site side of the latter. A ray of light, m, 
falling at the poifit p, will be reflected in 
the direction ra', making the angle mfrt^ 
equal to the angle bp^ ; or a ray from the 
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point r fidling upoti ih6 taxtt fpot will be reflected to f' in vittne of the iame 
i&W. Faither, it ia to be obeerved, tbat the incideDt Bad lefleoted nfn are 
always coiEitained m the same yertioal plane. 

The same rule holds good if the minor be canred as a portion of a sphere, 
the curve being considered as made up of a multitude of litde planes. PaiaUel 
niys become permanently altered indizecti<Mk when reflected firom cnived suz^ 
faces, becoming divergent or convergent according to the kind of curvature. 

It has just been stated that light passes in straight hnes; but this is only 
true 80 long as the medium through whichit travels preserves the same dens* 
it^ and the same chemical nature ; when this ceases to be the ease, the ray 
of lic^t is bait iioDi its course into a sew one, or, in optical language, is said 
to her^rafUd. 

Let r be a lay of light falling Fig. 43. 

upon a plate of some transparent 
substance with parallel sides, such 
as a piece of thick plate glass ] and 
a its point of contact with the upper 
surface. The ray, instead of hold- 
ing a straight course and passing 
into the glass, in the direction a 5, 
will be bent downwards to c; and 
on leaving the glass, and issuing 
into .the air on the other side, it will 

again be b^nt, but in the (^posite direction, so as ft) make it parallel to thd 
(X)ntinnati<m of its fonner track. The general law is thus expressed :-«->When 
the ray passes from a rare to a denser medium, it is refracted towardB a Ua^ 
perpendicular, to the surfhoe of the- latter; and conversely, when it leaves a 
dense medium £» a rarer on6, it is refracted /rom a line perpendioular to the 
eurfaoe of the denser substance; in the former case the an^le of incidence is 
said to be greater than that of redaction ; in the latter it is said to be lesa 

The amount of reihu^tion, for the same medium, varies with the obliqiuty 
widi which the ray strikes ^e sur&oe. When perpendicular to the latter, it 
passes without change of directicm at ail, and in other positions, the refraction, 
increases with the obliquity. 

Let a r^resent.a ray of light falling upon 
the surface of a mass of plate glass at the 
point JL. From this point let a perpendicuhu: 
be raised and continued into th e new. medium, 
and around the same point, as a centre, let a 
ciicle be drawn. According to the law just 
stated, the re£racti(ni must be towards the p»* 
pendicular; in the direction ABf for example. 
If the length of the radius be taken for unity,^. 
the number expressing the length of the tine 
a a is what is called the sine of the angle of 
incidence, and ^e number expressing the 
length of line d d, the sine of the angle of 
redaction; let these two IIacs be compared; 
their length will be, in the case supposed, in the proportion of 3 to 2. 

Now let another ray be taken, such as r; it is refracted in the same man- 
ner to r', the bending beiag greater ftom the increased obliquity of the ray; 
but what is very remarkable, if the sines of the two new angles of incidence 
and refraction be again compared, they will still be found to be^ to each 
other the proportion of 3 to 2. The fact is expressed by saying that the ratio 
of the tines of incidence and refraction is constant for the same m^&a. 
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The plane of refiacidon coincides moreover with that of iilcidence. 

Different bodies possess different refractive powers; generally speaking^ 
the densest substances refract most Combustible bodies have been noticed 
to possess greater refractive power than their density would indicate, and 
from this observation Sir I. Newton predicted the combustible nature of the 
diamond long before anything was known respecting its chemical composi- 
tion. 

The method adopted for describing the comparative refractive powers of 
dif^rent bodies is to state the ratio borne by the sine of the angle of refrac- 
tion to that of incidence, making the former imity, — this is called the index 
of refraction for the substance. Thus, in the case of glass, the- index of 
refraction will be 1*5. When this is once known for- any particular trans* 
parent body, the effect of the latter upon a ray of light entering it, in any 
position, can be calculated by the aid of the law of sines. 



Substances. 
Tabasheer* 
Ice 

Water . 
Fluor spar 
Plate glass 
Kock crystal 
Chrysolite 
Sulphuret of Carbon 



Index of refraction. 
1-10 
1-30 
1-34 
1-40 
1-00 
1-60 
1-69 
1-70 



Substances. Index of refraction. 
Garnet . . . . 1*80 
Glass, with much oxide 

of lead . . . 1-90 
Zircoon . . .2*00 
Phosphorus . , , 2*20 . 
IHpaniond... , . . 2*50 
Chromate of lead . 3-00 - 
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When a luminous ray enters a mtiss pf substance differing in refractive 
power from the air, and whose sur&ces are not parallel, it becorhes perma- 
nently deflected from its course and altered in its 
direction. It is upon this principle that the pro- 
perties of prisms and lenses depend. To take an 
example. — ^Let the sketch represent a triangular 
prism of glass, upon the side of which thie ray of 
light K maybe supposed to &U. This ray will 
of course be refracted in entering the glass to- 
wards a line perpendicular to the first surface, 
and again, from a line perpendicular to the second surface on emerging into 
the air. The result will be a total change in the direction of th^ ray. 

A convex lens is thus enabled to converge rays of light fidling upon it, and 
a concave lens to separate than more widely; each separate part of the sur- 
&ce of the lens producing its own independent effect 

The light of the sun and celestial bodies in general, as well as that of the 
electric spark, and of all ordinary flames, iB of a compound nature. If a ray 
of light from any of the sources mentioned be admitted into a dark room by 
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a small hole in a shutter, or otherwise, and suffeied to fall upon a glass prism 
in the manner descrioed aboYe, it will not only be refracted from its straight 
course, but will be decomposed into a number of colored rays, which may be 
received upon a white screen placed behind the prism. When solar U^t is 
employed the colors are extremely brilliant, and sppead into an oblong space 
of considerablei length. The upper part of this image or apedmm will be 
violet, and. the lower red, the intermediate portion, commencing from the 
violet, being indigo, blue, green, yellow, and orange, all graduating imper- 
ceptibly into each other. This is the celebrated experiment of Sir L Newton, 
and from it he drew the inference that white light is composed of seven 
primitive colors, the rays of which are differently refrangible by the same 
medium, and hence, capable of being thus separated. The violet rays are 
most refrangible, and the red rays least 

Sir D. Brewster is disposed to think that out of Newton's seven primitive 
colors, four are really compoand, and formed by the superposition of the 
three remaining, namely, blue^ yellow, and red, which alone deserve the name 
of primitive. When these three kinds of rays are mixed, ot superimposed, in 
a certain definite manner, they produce white light, but when one or two of 
them are in excess, then an effect of color is perceptible simple in the first 
case and compound in the second. There are rays of all refrangibilities of 
each color, and consequentiy white light in every part of the spectrum, but 
then they are unequally distributed ; the blue rays are more numerous near 
the top, the yellow towards the middle, and the red at the bottom, the excess 
of each color producing its characteristic effect In the diagram b^w the 
intensity of each color is represented by the height of a curve, and the effects 
of mixture will be intelligible by a little cOnsideratiDn. 
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Bodies of the same mean refractive power do not always equally disperse 
or spread out the differently colored rays; because the principal yellow or 
red rays, for instance, are equally refracted by two prisms of different mate- 
rials, it does not follow that the blue or the violet shall be siaiilarly affected. 
Hence, |irisms of different varieties of glass, or other transparent substances, 
give, under similar circumstances, very different spectra, both as respects the 
length of the image, and the relative extent of the colored bands. 

The colors of natural objects are suivposed to result tram the power which 
the surfaces of the bodies possess of absorbingsome of the colored rays, while 
they reflect or transmit, as the case may be, the remainder. Thus, an object 
appears red because it absorbs, or cahses to disappear, a portion of the yellow 
and blue rays composing^ the white light by which it is illuminated. 

A ray of common light made to pass through certain crystals of a particular 
Older is found to undergo a very remarkable change. It becomes split or 
divided into two rays, one of w^iich follows the general law of refraction, an4 
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tk« mhia takes a new and extAordiDar/ course, dapendeal on Ae position of 
the CTTSlal. This efiect, which ia called double lettactkia, is beanlfHdl/ illus- 
tcated in the oa«e of Iceland spar, or crystallized caibonale of lime. On 
plaang a rhomb of this BubBmBce on a piece of while paper, oa whicb a maik 
or line has been made, the object will be- seen doubled. 

-AgaiD, if a ray of light be suffered to fall upon a plate of glass at an angle 

of 55° 4S', the portion rfthe raywhioh suffera refleiion will be found to have 

acquired properties which it did not before posnesg, Tor, on throwing it tinder 

the same augle upon a second glass plate, it will be ot>- 

Fig. 48. served *at there are two particalar positions of the latie* 

B in which the ray censes to be reflected. Li^t which ha« 

\ suffered this chaise is said to be polarixed, 

\ The light whieh pasBcs Ihnjilgh the first or polBiiiing 

\ plate is also to a certain etlent in this peCDlioi' oondi- 

^^^^^^^ tion, and by employing a series of similai ptales, held 

^^^^^M| pBiallel to the first, this effect may be greatly increased; 

^^^^^^^H a bundle of 15 or 20 such plates maybe used with great 

^^^HJI^^B convenience for the ezperimenC. It is to be remsiked, 

^^^H^^K also, that the light polarized by transmission in this mao- 

Y^^" ner ia in an opposite state to that polarized by reflexion ; 

\ tiiat is when examined by a second or anab/ziag plate - 

\ held at the angle before-mentioned, it will ba seen to bo 

reflected when the other disappears, and to be absorbed 

when the first is lefiected. 

It Is not ereiy snlHtance which ia capable of polarizing light in this man' 

ner ; glass, water, and certain other bodies bring about the change in question, 

each having a particular polarizing angle at which the effect is greatest. 

Polished metals, on the contrary, do not exhibit these phenomena, at least in 

the same manner. The two rays into which apemal of conunonli(^tdividea 

itself in passing through a douUy refracting crystal -are found on ezamimtim 

to be polarized in a very complete manner, and also transvorsely, the one being 

capable of reflexion when the other vanishes. With a rhomb of transparent 

Iceland spar of tolerably large dimensions the two oppositely polarized rays 

may be widely sepaisttHl and examined apait 

There is yet another method of polarization, by the employment of plates 
of the mineral tcurmaline cut parallel to the axis of the crystal. This body 
polarizes by simple tiansmissioo, the lay faUiDg perpendiciUar to its surface; 
a part of the light is absorbed, and the remainder modifled in the manner 
described. When two such plates are held with th^ axes parallel, as in fig. 
49, light trayersea them both teely, but when one of them is turned round in 
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the rmnner shown in the second cut, so aa to make the axis cross M right 
anglee, the Lght ia almost wholly stopped, if the toturmaliiiet be good. A 



p]at« of the mineral tlius becomes an exoelleat lest for discriminftting between 
poUurized light and that which has not imdergone the change. 

Some of ^e most splendid phenomena of the scienoe of light aie exhibited 
when thin plates of doubly refracting substances are interposed between the 
polarizing arrangement and the analyzer. 

The luminous rays of the sun are accompanied, as already mentioned, by 
others which possess heating powers. If the temperature of the different 
colored spaces in the spectram be trieid with a delicate thermometer, it will 
be found to increase £rom the Tiolet to the red extremity, and when the prism 
is of some particular Ipnds of glass, the greatest effect will be manifest a little 
beyond the visible, red ray. It is inferred from this that the heating mys are 
among the least refrangible components of the solar beam. 

Again, it has Ipng been known that chemical changes both <^ combination 
and of decomposition, but more ^larticularly the latter, could be effected by 
the action of light Chlorine and hydrogen combine at commcm temperatures 
only under the influence of light, and parallel cases occur in great numbers 
in organic chemistry; the blackening and decomposition of salts of silver aare 
iamiliar instances of the chemical powers of the same agent ^ow it is not 
the luminous part of the ray which effects these changes; they are produced 
by certain invisible rays accompanying the others, and which are found most 
abundantly in and beyond the violet part of the spectrum. It is there that 
the chemical effects are most marked, althou^ the intensity of the bght is 
exceedingly feeble. The chemical rays are thus directly opposed to the heat- 
ing rays in the common spectrum, in their degree of reirangibility, since they 
exceed all the others in this respect 

In the year 1802,* JVlr. Thomss Wedgwood proposed a method of copying 
paintings on glass b^ placing behind them white paper or leather moistened 
with solution of nitrate of silver, which became decomposed end blackened 
by the transmitted l^ght in proportion to the intensity, of the latter^ and Davy, 
in repeating these experiments, found that he could thus obtain tolerably aocur 
sate representations of objects of a texture partly opaque and partly transpar 
rent, such as leaves and the wings of insects, and even copy, with a certain 
degree of success, the images of small objects obtained by the solar microscope. 
These pictures, however, required to be kept in the dark, and only examined 
by candle-light, otherwise they became obliterated by the blackening of the 
whole surfiioe. from which the salt of silver could not be removed. These 
attempts at light>painting attracted but little notice till the publication of Mr. 
Fox Talbot^sf papers read beforethe Royal Society, in January and February, 
1839, in w:hich he detailed two methodB of fixing the pictures produced by 
the action of light on paper impregnated with chloride o£ silvcKy and at the 
•same time described a plan by which the sensibility of the prepared paper 
may be greased to the extent required for receiving impressions from the 
images of the camera obscura. 

Very shortly allerwards. Sir John Herschellj: proposed to employ solutions 
of the alkaline hyposulphites for removing the excess of diloride of silver from 
the paper, and thus preventing ,th^ further action of light, and this plan has 
been found exceedingly successful. The greatest improvement, however^ 
which the curious art of photogenic drawing has received, is due to Mr. 
Talbot,§ who, in a more recent communication to the Royal Society, described 
a method by which paper of such sensibility could be prepared ad to permit 
its application to the taking of portraits o( living persons by the aid of a good 

* Journal of the Royal iDititution, i. p. 17Q. 
t Phil. Mag., March, 1S38. 
t Phil. Trans, for 1640, p. 1. 
I PhU. Mag., AttgDSt, 19Ur. 
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camera obs6iiia, the time required fo^ a perfect impression never exceeding a 
few minutes. The portraits executed in this manner by Mr. Collen are 
beautiful in the hi^est degree, and leave little room for improvement in any 
respect The process itself is rather complex, and demands a great number 
of minute precaution's, only to be learned by experience, but ^hich are indis- 
pensable to perfect success. The general plan is the fbllowing: — 

Writing-paper of good quality is washed on one 'side with a moderately 
dilute solution of nitrate Of silver, and lefl to dry spontaneously in a dark 
room; when dry it is dipped into a solution of iodide of potassiimi and again 
dried. These op«ratk>ns should be performed by candle-light. When re^ 
quired for use, the paper thus coated with yellow iodide of silver is brushed 
over with a solution containing nitrate of silver, acetic acid, and gallic acid, 
and once more carefully dried by gentle warmth. This kahtype paper is so 
sensitive that exposure to di^iise day-light for one second suffices to make 
impression upon it, and even the li^t of the moon produces the same effect^ 
although, a much longer time is required. 

The images of the camera obscura are Bt first invisible, but are made to 
appear in full intensity by once more washing the paper with the above-men- 
tioned mixture and warming it before the fire, when the blackening efi&ct 
commences and reaches its maximum in a few minutes. 

The picture is of course fvegaiwe, the lights and shadows being reversed ; to 
obtain pofiftve copies nothing more is necessary than to place a piece of ordi- 
nary photographic paper preiwured with chloride of silver beneath, the kalotype 
impression, cover them with a glass plate, and expose the whole to the light 
of the sun for a short time. 

Before this can be done, the kalotype must, however, be fixed, otherwise it 
will blacken, and this is efiected by inunersion in a solution' of bromide of 
potassium, and well washing with water. 

Sir John Herschell has shown that a great number of o^er stibstances can 
be employed in these photographic processes by takihg advantage of the sin- 
gular de-oxidizing effects of certain portions of the solcur rays. Paper washed 
with a solution of a peroxide salt of iron becomes capable of receiving im- 
pressions of this kind, which may afterwards be made evident by red ferro* 
cyanide of potassium, or chloride of gold. Vegetable colors are also acted 
upon in a very curious 'and( apparently definite manner by the different parts 
of the spectrum.* 

The Daguerreotype is another remarkable instance of. the decomposing 
effects of the solar rays. A clean aild highly-polished plate of silvered copper 
is exposed for a certain period to the vapcnr of iodine, and then transported 
to the camera obseura. In the most improved state of the process, a very 
short time suffices for effecting ihe necessary change in the film of iodide of 
silver. The picture, however, only becomes visible by exposing it to the 
vapor of mercury, which attaches itself in the form of exceedingly minute 
globules to those parts which have been most acted upon, that is to say, to 
the lights, the shadows being formed by the xiark polish of ^e metallic plate. 
Lastly, the drawing is washed with a solution of hyposulphite of soda to 
remove the undecomposed iodide of silver, and render it permanent 

The images of objects thus produced bear the most minute examination 
with a magnifying glass, the smallest details being depicted with perfect 
fidelity. 

The mo«t extraordinary discovery of all is, perhaips, that recently made by 
Professor Moser,f that bodies of all kinds separated by a very small interval 
fleem mutually to impress their images on each other, which become manifest 

« Phil. Trans., 1843, p. 1. 

t See Liebig*8 Annalen, xliv. p. 173. 
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when the sux&ces are breathed npon or exposed to any easily oondenslUe 
Tapor. This effect is quite independent of light, and takes place in perfect 
darkness. An engraving, for example, placed behind a plate of glass in the 
usual manner, and leil for many years, will olfleu be found to have impressed 
upon the latter an outline of its principal features, rendered distihctly visible 
by the unequal deposition of the film of minute dust which gradually ooL* 
lects ujxm glass sur&ces. These matters well deserve careful study, and may 
possibly lead to some important generalizations. 

With the aid of this slight notice of optical science, the subject of Heat 
may be resumed and completed. 



M EADUTIOK OS HEAT. 



RADIATION, REFLEXION, ABSORPTION, AND TRANS- 

IVaSSION OF HEAT. 



SASIATIOir OT HEAT. 

If a red-hot bell be placed upon a metallic support and left to itself, cooling 
immediately commences, and only stops when the teipperature of the ball is 
reduced to that of the surrounding air. This effect takes place in three ways : 
heat is conducted away from the ball through the substance of the supjwrt ; 
another portion is removed by the convective power of the air ; and the resi- 
due is thrown off from the heated body in straight lines or rays, which pass 
through air without interruption, and become absorbed by the surfaces of 
neighboring objects which happen to be presented to their impact 

This radiant or radiated heat resembles, in very many respects, ordinary 
light ; it suffers reflection from polished surfaces according to the same law^ ; 
it is absorbed by those that are dull or rough ; it moves with extreme velocity; 
and, finally, it traverses certain transparent media, undergoing refraction at 
the same time, in obedience to the laws which regulate that phenomenon in 
optics. 

The feet of the r^Uxion of heat may be very easily proved. If a person 
stand before a fire in such a position that his face may be screened by the 
mantel-shelf, and if he then take a bright piece of metal, as a sheet of tinned 
plate, and hold it in such a manner that the fire may be seen by reflexion, at 
the same moment a distinct sensation of heat will be felt 

The apparatus best fitted for stuclying these facts con- 
Fig, 51. sists.of a pair of concave metallic mirrors of the form 

called parabolic. The parabola is a curve possessing 
very peculiar properties, one of the most prominent be- 
ing the following: A tangent drawn to any part of the 
curve, makes equal angles with two lines, one of which 
proceeds from Uie point where the tangent touches the 
turve in a direction parallel to "What is called the axis of 
the parabola, and the other from the same spot through 
a point in front of the curve called the focus. It results 
fiom this, that parallel rays either of light or heat, falling 
upon a mirror of this particular curvature in a direction 
parallel to the axis of the parabola, will be all reflected 
to a single point at the focus ; and rays diverging from 
this focus and impinging upon the mirror, will, afVer 
reflexion, become parallel. 
If two such imrrors be placed opposite to each other at a considerable dis- 
tance, and so adjusted that their axes shall be coincident, and a hot body 
placed in th^ focus of the one, while a thermometer occupies that of the other, 
the reflexion of the rays of heat will become manifest by their effect upon the 
■instrument In this manner, with a pair of by no means very perfect mirrors, 
18 inches in diameter, separated by an interval of 20 feet or more, amadou or 
gunpowder may be readily fired by a red-hot ball in the focus of the opposite 
mirror. 
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The power of radiation varies exceedingly with di^erent bodies, as may be 
easily proved. If two similar vessels of equal capacity be constructed of thin 
metal, and the surface of one highly polished, while that of the other is covered 
with lamp-black, and both filled with hot water of the satoe temperature, and 
their rate of cooling observed from time to time with a thermometer, it will 
be constantly foimd that the blackened vessel loses heat much faster than the 
one with bright surfaces; and since both are put on a footing of equality in 
other respects, this difference, which will oflen amount to many degrees, must 
be ascribed to the superior emissive power of the film of soot. 

By another arrangement, a nunlerical comparison can be made of these 
differences. A cubical metallic vessel is prepared, each of whose sidei^ is in 
a different condition, one being polished, another rough, a third cohered with 
lamp-black, &c. This vessel is filled with water kept constantly at 212^, by 
a small steam-pipe. Each of its sides is then presented in succession to a 
good parabolic ihirror, having in its focus one of the bulbs of the difierential 
thermometer before described, the bulb itself being blackened. The effect 
produced on diis instrument is taken as' a measure of the comparative radiat- 
ing powers of the different bodies. The late Sir John Leslie obtained by 
this method of experiment the following results:— 





Emissive power. 


Emissive power 


Lamp-blnnk 


100 


Tarnished lead > 45 


Writing-paper - 


- > 98 


Clean lead - - 19* 


Glass 


90 


polished iron - 15 


Plumbago 


75 


Polished sUver - 12 



The be&t reflecting surfaces are always the worst radiators; polished metal 
reflects nearly all th^ heat that falls upon it, while its radiating power is the 
feeblest of any substance tried, and lamp-black, which reflects nothing, ra- 
diates most, perfectly. 

The power of absorbing heat is in direct proportion to the power of emis- 
sion. The polished metal mirror .in the experiment with the* red-hot ball 
remains quite cold, although only a few inches from tlie latter ; or again, if a 
piece of gold leaf be laid upon paper^ and a heated iron held over it until 
the paper is completely scorched, it will be found that the film of metal has 
perfectly defended that portion beneath it, 

* The formerly supposed influence of mere difference of surface has been called in 

Snestioii by M. Melloni, who attributes toother causes the effects observed by Sir John 
leslie, and others, among which superficial oxidation and differences of physical con- 
dition with respect to hardness and density, are among the most important. With metals 
not subject to tarnish, scratching the surface ineretises the emissive power when the 
plates have been lulled or hammered, i. e., are in a compressed state, and diminishes it, 
on the contrary, when the metal has be^u cast and carefully polished without burnish- 
ing. In the case of ivory, marble, and jet, where compression cannot take place, no 
diSerehce is perceptible m the radiating power of polished and rough surfaces.— Ann.' 
Chiffl. et. Phys., Ixit. p. 436r^ 
5 
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The faculty of absorption seem3 to be a good deal iafluenced by color; 
Br. Franklin found that when pieces of cloth of various colors were placed 
on snow exposed to the feeble sunshine of winter, the snow beneath them 
became uneq^ually melted, the effect being always in proportion to the depth 
of the color; and Dr. Stark has since obtained a similar result by a di^erent 
method of experimenting. * 

These facts afford an explanation, of two very interesting and important 
natural phmomena, namely, the origin of dew, and the cause of the land and 
sea breezes of tropical countries. While the sun remaind above the horizoii, 
the heat radiated by the surface of the earth into space, is compensated by the 
absorption of tl^^ solar beams ; but when the sun sets, and this supply ceases, 
while the emission c^heat goes on as actively as before, the surface becomes 
cooled until its temperature sinks below that of the air. The air in contact 
with the earth of course participates in this reduction of temperature ; the 
aqueous vapor present speedily reaches its point of maximum density, and 
then begins to deposit moisture, whose quantity >vill depend upon the propor- 
tion of vapor in the atmosphere, and on the extent to which the cooling 
process has been carried. 

It is obsef ved that dew Is most abundant in a clear calm night succeeding 
a hot day ; under these circumstances thie quantity of vapor in the air is 
usually very great, and at the same time radiation proceeds with most facility. 
At such times a themlometer laid on the ground will, Eifter some time, indi- 
cate a temperature of lO®, 15®, or even 20° below that of the air a few feet 
higher. Clouds hinder th^ formation of dew, by reflecting back to the earth 
the heat radiated from its surface, and thus preventing the necessary reduc^ 
tion of temperature; and the same effect is produced by a screen of the thin- 
nest materia! stretched at a little height above the ground. In this manner 
gardeners oflen preserve delicate plants from destruction by the frosts of spring 
and autumn. The piercing cold felt just before and at sUnri^i, even in the 
height of summer, is. the consequence of this refrigeration having reached its 
maximum. 

Wind also effectually prevents the deposition of dew, by constantly renew- 
ing the air lying upcm the earth before it has had its temperature sufficiently 
reduced to cause condensation of moisture. 

Many curious experiments may be made by exposing on the ground at 
night, bodies which differ in their powers of radiation. If a piece of black 
cloth and a plate of bright metal be thus treated, the former will be found in 
the morning covered with dew, while the latter remains dry; 

Land and sea-breezes are certain periodical winds common to most sea- 
coasts within the tropics, but by no means confined to those regions. It is 
observed, that a few hours afler sunrise a breeze springs up at sea, and blows 
directly on shore, and that its intensity increases as the day advances, and 
declines and^ gradually expires near sunset. Shortly afterwards a wind arises 
in exactly the opposite direction, namely, from the land towards the sea, lasts 
the whole of the night, and only ceases with the reappearance of the sun. 

It is easy to give an explanation of these effects. When the sun shines at 
once upon the surface of the earth and that of the sea, the two become un- 
equally heated from their different absorbing power; the land becomes much 
the warmest The air over the heated surface of the ground, being expanded 
by heat, rises, and has its place supplied by colder air flowing from the sea, 
producing the sea-breeze. When the sun sets, both sea and land begin to 
cool by radiation; the rate of cooling of ^he latter will, however, far exceed 
that of the fbrmer, and its temperature will rapidly fall. The air above be- 
coming cooled and condensed, flows outwards in obedience to the laws of fluid 
pressure, and displaces the warmer air of the ocean. In tliis n^anner, by aa 
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iateichazige of air between sea and land, the otherwise op|>res8iye heat is 
moderated, to the preat advantage of those who inhabit such localities. The 
land and sea-breezes extend td a small distance only from the shore, but afford, 
notwithstanding, essential aid to coasting ' navigation, since vestols on either 
tack enjoy, a fair wind during the greater part of both day and night. 

TBAKSXISSIOir OF HEAT ; DIATI^EBXAKCT. 

Rays of heat, in passing through air, receive no mote obstruction than those 
of light under similar circumstances ; but with other transparent media the 
case is different IJ' a parabolic mirror be taken and its axis directed towards 
the sun, the rays both of heat and Ught will be reflected to ,the focus, which 
will exhibit a temperature suiSciently high to fuse a piece of metal, or fire a 
combustible body. If a plate of glass be now placed between the mirror imd 
the^sifii, the effect will be but little diminislied. 

Now, let the «ame experiment be made with the heat and light of a com- 
mon fire ; both will be concentrated by reflexion as before, but on interposing 
the glass, the heating offect of the ibcus will be reduced almost to nothing, 
while the light will not have undergone perceptible diminution. Thus, the 
rays of heat coming from the sun traverse glass with facility, which is not 
the case with those emanating from an ordinaiy red-hot body. 

In the yiear 1833, M. Melloni published the first of a series of exceedingly 
Taluable researches on this subject, which are to be found in detail in various 
volumes of the Annates de Chimie et de Physique.* It will be necessary, in 
the first instance, to describe the method of operations followed by this philO" 
Bopher. 

Not long before, two very remarkable facts had been discovered : — ^First, that 
a current of electricity, however produced, exercises a singular and perfectly 
definite action on a magnetic needle ; and, secondly, that an electric current 
may be generated by the unequal effects of heat on different metals in con- 
tact. If a wire conveyuig an electrical current be 
brought near a magnetic needle, the lattor will inune- Fig. 53. 

diately alter its position and assume a new one» as 
nearly perpendicular to the wive as the mode of suspen- 
sion and the magnetism of the earth will permit When 
the wire, for example, is placed directly over the needle, 
"while the current it carries travels from north to soujch, 
the needle is deflected from its ordinary direction and 
the north pole driven to the eastward. When the cur- 
rent is reversed, the same pole deViatps to an equal 
amount towards the west Placing the wire below 
tlie needle instead of above produces the same effect 
as feverang the current 

When the needle is subjected to the action -of two currents in opposite 
directions, the one above and the other below, they will obviously concur in 
their effects. The same thing happens when 
the wire carrying the current is bent upon itself. Fig. 54. 

and the needle placed between the two por- 
tions ; and since every time the bending is re- 
peateid a fresh portion of the current is made 
to act in the same manner upon the needld, it 
is easy to see how a current too feeble to pro- 
duce any effect when a simple straight wire is 
employed, may be made by flus contrivance to 

* Translated also in Taylor*! Scieatlfic Memoirs. 
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Fig, 66. 



exhibit a powerihl action on tbe magnet. It is on this principle that instru- 
ments called gak>aMometa% gakMnotcopeSj or nmU^Herij are constructed; they 
serve not only to indicate the existence of electrical currents, but to show by 
the effect upon the needle the direction in which they are moving. By using 
a very long coil of wire, and two needles immovably connected, and hung 
by a fine filaxnent of silk,' almost any degree of sensibility may be communi* 
cated to the apparatus. 

When two pieces of different metals connected together at each end have 
one of their joints more heated than the other, ah electric current is imme-- 
diately set up. Of all the metals tried, bismuth and antimony form the most- 
powerful combination. A single pair of bars, 
having one of their junctions heated in the 
, manner shown, can develop a current strong 
enough to deflect , a compass needle placed 
within, and, by arranging a number in a series 
and heating their alternate ends^ the intensity 
of the current may be very much increased* 
Such an arrangement -is called a thermoelec- 
tric pile. Mf Melloni constructed^ a very small 
-thermo-electric pile of this kind, containing 
fifty-five slender bars of bismuth and anti- 
mony, laid side by side and soldered together 
at their alternate ends. He connected this pile with an exceedingly delicate 
multiplier, and found himself in the possession of an instrument for measuring 
small variations of temperature far surpassing in delicacy the air-thermometec 
in its most sensitive form, and having great advantages in other respects over 
that instrument when employed for the purposes to which he devoted it 

The substances whose powers of transmission were to be examined were 
cut into plates df a determinate thickness, and, after being well polished, ar- 
ranged in succession in firont of the little pile,. the extremity of which was 
blackened to promote the absorption of the rays. A perforated screen, the 
area of whose aperture equaled that of the face of the pile, was placed be-« 
tween the source of heat and the body undet trial, while a second screen 
served to intercept all radiation untU the moment of the experiment. 

Fig. 66. 





After much preliminary labor for the purpose of testing the. capabilities of 
tbe apparatus and the value of its iujdications, an extended series of researches 
w«re undertaken and carried on during a long period with, great success J-^ 
some of the most curious results are given in the subjoined table. 

Four different sources of heat.were employed in these experiments, differing 
in their degrees of intensity ; the naked fiame of an oil-lamp ; a coil of platir 
num wire heated to redness ; blackened copper at 734^ ; and the same heated 
to 212®. - 
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On examining this remarkable table, which is an abstract of one much 
more extenslTe, the SltBt thing Uiat strikes the eye is the want of connectioa 
between the power of transmitting heat and^that of transmitting light ; taking 
for instance, the oil-lamp as the source of heat, out of a quantity of heat repre- 
sented by 100 rays falling upon the pile, the proportion intercepted by similar 
plates of rock salt, glass and alum, mdy be expressed by the numbers 8, 61, 
feind 91 ; and yet these bodies fire equally transparent with respect to light 
Generally speaking, color was found to interfere with the transmissive power, 
but to a very unequal extent ; thus in fluor-spar, colorless^ greenish, and deep 
green, the quantities transmitted were 78, 46, and 8, while the difference be- 
tween colorless and brown rack-crystal was only 1. Bodies absolutely opaque, 
as wood, metals, and black marble stopped the rays completely, al^ou^ it 
'U'as found that the fiunilty of transnsdsdon was possessed to a certain extent 
by some which were nearly in that condition, as thick plates of brown quartz, 
black miea, and black glass. . - 

When rays of heat had once passed through a plate of any substance, the 
interposition of a second similar plate occasioned much less loss than the 
first ; the same thing happened when a. number were interposed, the rays, 
after traversing one plate, being but little interrupted by others of a similar 
nature. 

The next point to be noticed, is the great difference in the properties of the 
rays from different sources. Out of 100 rays from each source which felll on 
rock-salt, the same proportion was always transmitted; whether the rays pro- 
ceeded from the intensely heated flame, the i red-hot platinum wire, or the cop- 
per at 734^ or 212^ ; but this is true of no other substance in the list In the 
case of plate-glass, we have the numbers 39, 24, 6, and 0, as representatives 
of the comparative quantities of heat transmitted through the plate from each 
source ; or in the three varieties of fluor-spar, as below stated :^ 
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While one 8ubstance,,b6ryl, out of 100 raysirom an intensely hieated soaroe 
suffers 54 to pass, and Seora the same number, that is, an equal quantity of 
heat, from metal at 212*^ none at all, another transmits rays iroih the two 
sources mentioned in the proportion of 8 to 3. 

These, and many other curious phenomena, are &illy and oompletely ex- 
plained on the supposition, that among the invisible rays of heat differences 
are to be found exactly analogous to those differences between rays of light 
w^hich we are accustomed to call colors. Rock-salt is the only substance yet 
known which is truly diaihermanouSy or equally transparent to all kinds of 
heat-rayE ; it is to the latter what white glass or water is to light ; it suffers 
lays of every description to pass with equsd &cility. All other "bodies act like 
colored glStsses, absorbing certain of the rays more abundantly than the rest, 
and eokring as it were the heat which passes through them. 

These heat-tiats have, however, no direct relation to ordinary colors, al- 
though, ho doubt, they depend, like the latter, upon peculiarities of molecular 
structure which are quite unknown ; their existence is, nevertheless, almost as 
clearly made out as' that of the colored rays of the spectrum. Bodies at a com- 
paratively low temperature emit rays of such a tint only as to be transmissible 
by a few substances; as the temperature rises, rays of other heat colors beg^ 
to make their appearance, and transmission of some portion of these rays takes 
place through a greater number of bodies; while at the teinperature of in- 
tense ignition, we find rays of all colors thrown out, some or other of which 
will certainly find their way through a great variety of substances. 

By cutting rock-salt into prisms and lenses, it is easy to show that radiant 
heat may be refracted like ordinary light, and its beams made to converge or 
diverge at pleasure ; and lastly, to complete the analogy, it has been shown 
to be susceptible of polarization by transmission through plates of doubly re- 
fracting minerals, in the same manner as light itself.* 

• Dr. Forbes, Phil. Mag. for 1885 ; also M. Melloni, Ann. Chim. et Phys., Ixv. p. 5. 
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MAGNETISM. 

A PABTiGULAm species of iron ore has long been remarkable for its property 
of attracting small pieces of iron, and causing them to adhere to its surface j 
it is called loadstone, or magnetic iron ore. 

If a piece of this loadstone be carefully examined, it will be found that the 
attractive force for particles of iron is greatest at certain particular • points of 
its sur&ce, while elsewhere it is much diminished, or even altogether absent. 
These attractive points, or centres of greatest force, are denominated poles, 
and the loadstone itself is said to be endued with magnetic polarity. 

If one of the poles of a natural loadstone be rubbed in a particular manner 
over a bar of steel, its characteristic properties will be communicated to the 
bar, which will then be found to attract iron filings like the loadstone itself. 
Further, the attractive iforce will be greatest at two points situated very near 
the extremities of the bar, and least of all towards the middle. The bar of 
steel '80 .treated is said to be magnetized, or to constitute an artificial magnet. 

When a magnetized bar or natural magnet is suspended at its centre in 
any convenient manner, so as to be free to move in a horizontal plane, it is 
always found to assume a particular direction with regpird to the earth ; one 
end pointing nearly north and the other nearly south. If the bar be moved 
from fiiis position, it will tend to re«ssume it, and after a few Oscillations, 
settle at rest as before. The pole which points towards the astronomical 
north is usually distinguished as the north pole of the bar, and that which 
points southward, as the south pole. A suspended magnet, either natural or 
artificial, of symmetrical Ibnn, serves to exhibit certain phenomena of attrac- 
tion and repulsion in ^e presence of a second magnet, which deserve par- 
ticular attenticm. When a noith pole ia presented to a south pole, or a south 
pole to a north, attraction ensues between them ; the ends of the bars approach 
each .other, and, if peimkted, adhere with considerable fixrce; when on the 
other, hand, a north pole is brought near a second north pole, or a south pole 
near another south pole, mutual repulsion is observed, and the ends of the bars 
recede from each cihet as far as possible. PoUi of an oppodU name attraet, 
and of a wnUar name rtpel each other. Thus, a smalL bar or needle of steel, 
properly magnetized and suspended, and having its poles marked, becomes 
an instrument fitted not only to discover the existezice of magnetic power in 
other bodies, but to estimate the kind of polarity affected by their difierent 
parte. 

A piece of iron brought intd the neighborhood of a miagnet, acquires itself 
magnetic properties; the intensity -of the power thus conferred depends upon 
that of the magnet and ujmn the interval which divides the two, becoming 
greater as that interval decreases, and greatest of all when in actual contact 
The iron under these circumstances is said to be magnetized by induction, 
or influence, and the efiect, which in an instant roaches its maximum, is at 
once destroyed by removing the magnet 

When steel is substituted for iron in this experiment, the inductive action 
is hardly at first pereeptible, and only becomes manifest after the lapse of a. 
certain time; in this state tiie steel bar may be removed from, the magnet 
without loss of polaiity. It beocnnes indeed a pemianent magnet similar to 
the first, and retains its peculiar properties for an indefinite period. 

A partirailar name is given to this resistance which steel always ofiers ia 
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a grenter or less degree both to the development of magnetism and its subse- 
quent destruction; it is called apec^ coercwe power. 

The rule which regulates the induc- 
Fig, 61, tionof magnetic i^olarity in all cases is 

exceedingly simple, and most import- 
ant to be remembered. The pole pro- 
duced is always of the opposite name 
to that which produces it, a north pole 
developing south polarity, and a south 
pole, north polarity. The north pole . 
of the magnet figured in the sketch 
induces south polarity in all the nearer 
extremities of the pieces of iron or steel 
which surround it^ and a state similar 
to its own in all the, more remote ex- 
tremities. The iron thus magnetized 
is capable of exerting a similar induc- 
tive action on a second piece, and that 
' upon a third, and so to a great number, 
the intensity of the ibree diminishing 
as ^e distance from the permanent 
magnet increases.-^ It is in this way 
that a magnet is enabled to hold up a number of small pieces of iron, or a 
bunch of filings, each separate piece becoming a magnet for the time by induction. 
The only substances known which unequivocally exhibit toiagnetio effects 
are iron and certain 6f its compounds, tod nickel, a closely allied metal. 

Magnetic attractions and repulsions are not in the slightest degree inter- 
fered with by the interposition of substances destitute of magnetic properties. 
Thick plates of glass, shellac, metals, wood, or of any substances except those 
above-mentioned, may be placed between a magnet and a suspended needle, 
or a piece of iron under its influence, the distance being preserved without 
the least perceptible alteration in its attractive power or force of induction. 

One kind of polarity cannot be exhibited without the other. If a mag- 
netized bar of steel be broken at its neutral point, or in the middle, each of 
the broken ends acquires an opposite pole, so that both portions of the bar 
become perfect magnets,* and if the divisicm be still fiirtber carried, if the 
bar be broken into a himdred pieces, each fragment will be a complete magnet 
having its own north and south poles. 

This experiment serves to show vefy clearly that the apparent polarity of 
the bar is the oonsequdnoeof the polarity of each individual particle, the poles 
of the bar being merely points through which the resultants of all these foioes 
pass{ the large magnet is made up of an immense number of little magnets 

Fig, 58. 
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zegularly arranged side by side, all having their north poles looking one way, 
and their south poles the other. The middle portion of such a system oanno^ 
possibly exhibit attractive or repulsive effects on an external body, because 
each pole is in dose juxtaposition with one of an opposite name and of equal 
power; benoe their forces will be exerted in opposite directions and com- 



plfileljr nentrajize eaeh othte'd influence. Soch will not be the case at the 
extremities of the bar; there unoopipeBsated polarity will be ibimd capable of 
exertiog its spe<»6c power. 

This idea of regular polarization of iiartlcles of] matter in virtne of a pair 
of opposite and equal forces, is not confined to inagnetic phenomena; it is the 
lead&Qg principle in electrical science, and is constantly reproduced in some 
form Qr other in every discussion involving the consideration of molecular 
forces. 

Artificial steel maEgnets are made in a gre^t variety of forms; such as^ small, 
light needles, mounted with an agate cap for suspenskn upon a fine point; 
strai^t bars of varidus kinds; bars curved into the shape of a horse-shoe, &c. 
All these have regular polarity communicated to them by certain processes 
of rubbing .or touching with another miagnet, which, require care, but are not 
otherwise difficult <^ execution. When great power is wished fi>r, a number 
of bars may be screwed together, with their similar ends in contact, and in 
this way it is easy to construct permanent steel magnets capable of sustaining 
great weights. To prevent the gradual destruction of magnetic iorce, which 
would otherwise occur, it is usual to arm each pote with a piece of soft iron, 
or keeper, Which, iieooming magnetized by induction, serves to sustain the 
polarity of the bar, and even increase in some oases its energy. 

The diredioB spontaneously a^umed by a suspended needle indicates that 
the earth itself has the properties of an enormous magnet, w^hose south pole 
is in the hortherQ hemisphere. The magnetic meridian of any jdace is a vei^ 
tical plane with which the direction of a fredLy suspended needle coincides. 

The magnetic mmdian is not usually coincident with its geographical 
meridian, but makes with the latter a certain angle called the variation or 
decRnatUm of the needle; in othe^ words, the. magnetic poles are not situated 
within the line of the axis 6f rotation. 

The amount of this declination of the needle from ihe true north and south 
not only varies at difierent places, but at the -"same place at difieirent periods. 
Thus, at the ccxnmencement of the 17th century, the declination was east- 
ward; in 1660, it was 0; that is, the needle pointed due north and south. 
Afterwards, it became westerly, slowly increasing until the year 1818, when 
it reached 24^ 3(y, since which time it has been slowly diminishing. 

If a steel bar be supported on a horizontal axis passing exactly through its 
centre of gmvity, it will of course remain equally Wantced in any position in 
which it may happen td be placed; if the bar so adjusted be then magnetized, 
it will be found to take a permanent direction, the north pole being down- 
wards, and the bar making an angle of about 70^ with a horizontal plane 
passing through the axis. This is called the dip, or inclination of the needle, 
and shows the direction in which the force of terrestrial magnetism is most 
energetically exerted. The amount of this dip is variable in different lati- 
tudes; near the equator it is vei'y small, the needle remaining nearly or quite 
horizontal; as the latitude .increases, the dip becomes more decided, and over 
the magnetic pole, the bar becomes completely vertical. Such a situation is 
in fact to be found in the northern hemisphere, considerably to the westward 
of the geographical pole, in Prince Regent's Inlet, lat. 70^ 5^ N. and longi- 
tude 96^ 46' W. ; the dipping-needle has here been seen to point directly 
downwards, while the horizontal or compass-needle ceased to traverse. The 
position of the south magnetic pole has lately been determined by the obser- 
vations of Captain Ross to be about lat 73® S. and long. 130® £. 

By observing a great number of points near the equator in which the dip 
becomes reduced to nothing, a line may be traced around the earth called the 
magnetic equator, and nearly parallel to this, on both sides, a number of 
smaller circles called lines of equal dip. These- lines present great irregu- 
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larities when compared with the equator itself and the parallels of latitude, 
the magnetic equator deviating from the terrestrial one as much as 12^ at its 
point of greatest divergence. Like the horizontal declination, the dip is also 
subject to change at the same place. Obeerrations have not jTet been made 
during sufficient time to determine accurately the law and rate of alteiatioh, 
and great practical difficulties exist also in the constriction of the instruments. 
In the year 1773 it was about 72^; at the present time it is near 69^ 5 in 
London. 

The induc^ve power of the magnetism of the earth maybe sh6wn by hold- 
ing in a vertical position a bar of very soA iron; the lower end will be found 
to possess strong north polarity, and the upper, the contrary state; On re- 
versing the bar, the poles are also reversed. All masses of iron whatever, 
when examined by a suspended needle, will be found iir a state of magnetic 
polarity by the influence of the earthy iron columns, tools in a smith's shop, 
fire-irons, and other like objects, are all usually magnetic, and those made of 
steel, permanently so. On bdaid ship the presence of so many large masses 
of iron, guns, ancdiors, water-tanks, &ia., thus polarized by the earth, causes a 
derangement of the compass-needle to a very dangerous extent; happily, a 
plan has been devised for determining the amount of this local attraction in 
dUTerent positions of the ship and making suitable, corrections; < 

The mariner's compass, which is nothing more than a suspended needle 
attached to a circular card marked with the points, was not in general use in 
Europe befi>re the year 1300, although the Chinese have had it fbom very 
early antiquity. Its value to the navigator is now very much increased by 
correct observations of the exact amount of the declination in various parts of 
the world. 
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ELECTRICITY. 



If glass, or amber, or sealing-wax, be rubbed with a dry cloth, it acquires 
the power orattracting light bodies, as feathers, dust, or bits of paper; this is 
the result of a new and peculiar condition of the body rubbed, called electrical 
excitation. 

If a light downy feather be suspended b^ a thread of >vhite silk, and a dry 
glass tube, excited by rubbing, be presented to it, the feather will be strongly 
attracted to the tube, adhere to its sur&ce for a few seconds, and then &U off. 
If the tube be now excited anew and presented to the feather, the latter will 
be strongly repelled. 

The ssune experiment may be repeated wi^ shellac or resin; the feather 
in its ordinary state will be drawn towards the excited body, and after touch* 
ing, again driven ftom it with a certain degree of force. 

Now, let the feather be brought into contact with the excited glass, so as 
to be repelled Yjy that substance, and let a piece of excited sealing-wax be 
presented to it; a degree of attraction will be observed &r exceeding that 
exhibited when the featitier is in its ordinary state. Or, again, let the feather 
be made repulsive for sealing-wax, and then the excited ^ass be presented; 
strong attraction will ensu& 

The reader will at dnce see the perfect parallelism between the eflfcQts de- 
scribed and the phenomena of magnetispn ; the electrical excitement having 
a twofold naturelike the opposite polarities of the magnet A body to which 
one kind of excitement has been communicated is attracted by another body 
in the opposite state, and repelled by one in the same state. The excited 
glass and resin being to each other as the north and south poles of a pair of 
magnetized bars. 

To distinguish these two different forms of excitement, terms are employed, 
"which, although originating in some measure in theoretical views of the na- 
ture of the electrical disturbance, may be understood by the student as piurely 
arbitrary and distinctive ; it is customary to call the electricity manifested by 
glass positive or vitreous, and that developed in the case of shellac and bodies 
of the same class, negative or resinous. The kind of electricity depends in 
some measure upon the nature of the surfiuse ; smooth glass rubbed with silk 
or woolen becomes positive, but when,ground or roughened by sand or emeiy, 
it acquires under the same circumstances a negative bharge. 

The repulsion ^own by bodies in the same electrical state is taken advan- 
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tage Qf to oonstract instniments for indicating electrical excitement and 
pointing out its kind. Two ba^ls of ^der-pith, hung by threads or very fine 
metal wires, serve this purpose in many cases; they open out when excited 
in virtue of their mutual repulsion, and show by the degree of divergence the 
extent to which the excitement has been carried. A pair of gold leaves 
suspended beneath a bell jar, and oomp:iunicating with a metal cap above, 
constitute a much more delicate arrangement, and one of great value in all 
electrical investigations. These instruments are cidled electroscopes or eleo* 
tiometers ; when excited by the bommvuaication of a known kind of electricity, 
they show, by an increased or diminished divergence, the state of an elec^* 
fied body brought into ^ir neighborhood. - _ ■ 

One kind of electrici^ can no more be developed without the other than 
one kind of magnetism; the rubber and the body rubbed always assume oppo* 
site states, and the positive condition on the surface of a mass of matter is 
invariably accompanied by a negative state in all surrounding bodies. 

The induction of magnetism in soA iron has its exact analogy in electricity; 
a body already electrified disturbs ^r polarizes the particles of all surrounding 
substances in the same manner, and according to the same law, inducing a 
state opposite to its own in Uie nearer portions, and a si|atlar state in the 
more remote paits. A series of globes suspended by silk threads in the man- 
ner represented^ will each become electiric by induction, when a charged body 
is brought near the end of 'the series, .like so many pieces of iron in the 
vicinity of a magnet The positive and negative signs are intended to repren 
sent the states. 
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The intensity of the electrical disturbance ^ilttiHshes with tlie distance 
from the charged body; if this be removed or discharged, all the efiects cease 
fut once. 

So ftr, the greatest resemblance may be traced between these two sets of 
phenomena; but here it seems to cease. Magnetic properties are enjoyed by 
two metals only, and a very few of their compounds, out of the whole list of 
substances known; electrical excitation is common to every form of matter, 
solid, liquid, and gaseous. The magnetic polarity of a piece of steel can 
awaken polarity in a second piece by the act of induction, and in so doing 
loses nothing whatever of itd power ; this is an efiect completely difierent 
from the apparent transfer, or discha,rge of electricity constantly witnessed, 
which in the air and in liquids often gives rise to the appearance of a bright 
spark of fire. Bodies in which this discharge from parti<He to particle takes 
place very easily are called conductors; those, on the other h«md, in which 
mere polarization t^kes place, and which resemble in this respect magnetized 
iron, are called insulators. The difierence, however, is only one of degi^ee, 
not of kind; the very best conductors ofier a certain* resistance to the electrical 
discharge, and the most perfect insulators permit it to a small extent. The 
metals are by fiur the beet conductors; glass, silk, shellac, and dry gas, or 



vapor of any wtt, ibe verf vorM; mid betveen thtse there are bodies ot nil 
degrees of cxHidncting power. 

The time of uansit of electrical wave throa^ a ohain of goad oondooting 
bodies' of gteallength is BO minute as to be altogether inappiedable. Miles 
of wire are traverssd in en inMant with a Telocity of mavement resembling 
that of li^t, and fiir too great to be made the subject of measurement bf-tha 
tneuna fet possessed by sdenoe. 

Electtiod ezdt^on is apparait onljr upon the mrfiicei of bodies, or those 
potions directed towards oUier objects cspable of assuming the opposite state. 
An insulated ball chared with positive electricity and placed in the centre of 
the room, is maintained in that state by the inductive aotion of the walls of 
the apnrtmeht, which immadistely become n^atively etectiifled; in the mie- 
rior of Che ball there is absolutely no electridly to be found, altbonghit may 
be conetnicted of open metal gauze, with meaheahalf an inch wide. Even on 
the siufaoe, the distribution of eiectricai force will not always be the same i 
it will depend upon the figure of the body itseH^ and its position with regard 
to surroimdiiig objects. The polaijly will aliv«ya be highest in the projecting 
extremities of the same conducting mass, and greatest of all when these are 
attenuated to pomts, in whidi case the inequality becomes k> great that dis- 
charge takes place to the air, and the eidted condition cannot be maintained. 

The constiuption and use of the common electrical machine, and Other 
pieces of apparatus of great piacticsl ntili^, will, by the aid of these princi- 
ples, become intelligible. 

A glass cylinder is mounted with its axis in a horizontal poution, and pro- 



Tided with a handle or winch by which it may be tamed. A tcathei cnsbion 
is made to press by a spring against one side of the cylinder, while a large 
tnetal conducting body, armed with a number of points neit the glass, occu- 
pies the other ; both cushion and conductor are insulated by glass supports, 
and to the upper edge of the ibmier a piece of silli is attached long enough to 
reach half loitod the oyUodei. Upon ^e cushion is spread a quantity of a 
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del as it tunut thus becomeB cliuited b/ Hictioa against the rubber, and as 
quicsklf discbBiged hy the tow of poiata attached to the tneat coiuhiclor ; and 
as the latter is also completely itUulated, its sui&ce speedily acquires a chaTge 
of positive electricity, which laay he oommuiiiGaled 1^ contact to other insu- 
lated bodiea. The maximum eifect is produced when the rubber is connected 
bf a chain oi wiie with the earth. If negative electdcit/ be wanted, ttia Tub- 
her must be inmlated and the conduclot discharged. 

Another form of the electrical macliine consists of a circular plate of glass 
moving upon an axis, and provided with two pairs of cushions or rubbers, 
attached to the upper and kiwei parts of the wooden frame, oavered widi 
unalgam, betwaeo which the plate moves with conNderable Iriction. An ii^ 

Fig. 63. 



sulated conductor, armed as befoiewithpoints,diachaisesihepIaIeasittums, 
the rubbers being at the same time connected with the ground hy the wood- 
work of the machine, or by a slrip of metal. This modification of the appa- 
mtna is preferred in all cases where considerable power is wanted. 

In the practical management of electrirad apparatus, great care must be 
taken to prevent deposition of moislure from the air upon the surfkce of the 
glass supports ; the slimiest film of water is sufficient to destroy the power 
of insulation. The rubbers also most be carefully dried before use, and the 
amalgam renewed if needful ; in damp weather much trouble is often expe- 
rienced in bringing the machine into powerful action. 

When a piece of iron is applied lo a steel magnet, the polarity of the latter 

is exalted by the reaction of the newly developed force ; in the same maimer 

the intensity of the electrical charge on the sur&ce of a conductor ow be 

raised by the juxta-posilion of a second conducting body, the two being sepa- 

■ l-part dn, Siinc, and 6 marcory. 



iMed hy an inmilatii^ medium. If a disc oT met&l be connected with the 
iDBchine, and a second diac placed Opposite, within a few inches, and eoa- 
nected with the eanh, d^e positive elate of the fii9t will be gieally augmented 
1^ the induced negative condition of the Becond ; the limit is in this ca«e, 
hoWBTsr, scion readied, became Ihe intervening; air easily peimits spark-dis- 
cliarge to take place tbnnigh its sBbetaiice. With a solid insulating body, us 
glass or lac^ this happens with much greAter difficulty, the particles hearing a 
&i higher degree of polarity without the same consequencs. It is on this prin- 
ciple that instnunents for Uie aecuniulatiim of electricity depend,Bmong whicfa 
the X^yden jar is the most important 

A tUn glass jar is coated on both sides wit!) tin-lbil, care being taken- to 
leave several inches of the upper part uncovered ; a wire, 
terminating in a metalHa knob, commnnicales with the Fig, 64, 

internal coating ; when the outside of the jar is connected 
with the earth, aiid die knob pnt In contact' with the con- 
ductor of the machine, the inner and outer aurfecesof the 
glass become req>ectively positive and negative, until a 
very great degree of intensity has been attained. On 
completing the connectiDn betwerai the two coatings by a 
metallic wire or rod, discharge occurs In the form of an 
exceedingly br^ht spark, accompanied by a loud snap ; 
and if the body bo interposed in the circuit, the peculiar 
and disagreeaUe sensation of the electric shock is felt at 
the moment of its completion. 

By enlarging the dimensions of the jar, or by coimect» 
ingti^ether a number in such a manner that sJI may be 
charged and discharged simultaneously, the power of the 

apparatus may be greatly augmented. Thin wires of metal may be fused and 
dissipated ; pieces of wood may be shattered, many combustible sabelances set 
on fire, and allihe well-known e&cts of li^tning exhibited upon a small scale. 

The electric spark is often very conveniently employed in chenucal inquiries 
fbi firing; gaseous mittures in close vessels. A small Leyden jar charged 1^ 
the machine, is the most effective contrivance lor this purpose, but, not unfre- 
quently, a method may be resorted to which involves less preparation. This 
is by the use of the electropfaorus. A round tray or dish of tinned plate is 
prepaied, having a stout wire round its 

upper edge ; the width may be about Fig. 65. 

twelve inclies,and the depth half an inch. 
This tray is filled with melted shellac, 
and the surlhce rendered as even as pos- 
siUe. A brass disc, with rounded edge, 
of about nine inches diameter. Is also pro- 
vided and fitted with an insulating han- 
dle. When a spark is wanted, the ri 
ous plate is excited by striking with a 
diy, warm piece of fiaiinel or a silk hand- 
kerchief; the cover is placed upon it, 
and touched by the finger. When the Cover is raised, it is found so stron^y 
charged by induction with positive electricity, as to give a bru^ht spark ; and 
as the resin is not disdiatged bf the cover, which merely loudies it at a few 
points, sparks may bo drawn as often as may be wished. 

It is not known to what cause the disturbance of the electrical equilibrium 
of the Btmospbere is due; experiment has shown that the higher regiocis of 
the air are usually in a positive state, the intenaty of which reaches a maxi- 
mum at a particular period of the day. In cloudy and stormy weather the 
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dutribation of the atmospheric electricity becomes mudh deranged, dmida 
near the surface of the earth oiten appearing in a negative state. 

The drcumstances. of a thunder storm, exactly resemble tho^e of the charge 
aud discharge of a coated plate or jar ; die cloud and the earth represent the 
two coatings, and the intervening air the bad conducting body or didedric* 
The polarities of the opposed surfaces and of the insulating mecUnm between* 
them become raised by mutual induction, until violent- disruptive discharge 
takes place throng the air itself, or through any other bodies which may 
happen to be in the interval. . When these are <»pable of conducting freely, 
the discharge is silent and harmless; but in other cases it often proves highly 
destructive. These dangerous efieots are now in a great measure obviated by 
the use of lightning-rods attached to buildings^ the erection of which, how- 
ever, demands a number of precautions not always understood or attended 
to. The masts of ships may be guarded in like manner by metal conductors; 
Mr. Snow Harris has devised a most ingenious plan lor the purpose, which 
is now adopted in the Royal Navy. 

When two solid conducting bodies are plunged into a liquid which act upon 
them unequally, the electric equilibrium is also disturbed, the one acquiring 
tlie positive condition, and the other the negative. Thus, pieces of zinc and 
platinum put into dilute sulphuric acid, constitute an arrangement capable 
of generating electrical ibrce; the zinc, being the metal attacked, becomes 
negative ; and the platinum, remaining unaltered, assumes the positive condi* 
tion ; and on maJ^ng a metallic communication in any way between the two 
plates, discharge ensues, as when the two surfiices of a coated and charged jar 
are put into connection. 

No sooner, however, has this occurred, than the disturbance is repeated; 
and as these successive charges and discharges take place through the fluid 
and metals with inconceivable rapidity, the result is an apparently continuous 
action, to which the term deiArical curreni is given. 

It is necessary to guard against the idea which the term naturally suggests, 
of an actual bodily transfer of something tlirough the substance of the ooh- 
ductors iike water through a pipe ; the real nature of all these phenomena 
is entirely unknown, and may perhaps remain so; the expression is conve- 
nient notwithstanding, and consecrated by long use ; -and with this caution, 
the very dangerous error of applying figurative language to describe an effect, 
and then seeking the nature bf the efi^ from the common meaning of words, 
may be avoided. 

The intensity of the electricid excitement developed by a single pair of 
metals and a liquid, is too feeble to affect the most delicate gold leaf electro- 
scope ; but by arranging a number of such alternations ia 
Fig. 66. ^ connected series, in such a manner that the direction 

of the current shall be the same in each, the intensity 
may be very greatly exalted. The two instruments in- 
vented by Yolta, called the pile anid crown of cups, de- 
pend upon this principle. 

Upon a plate of zinc is laid a piece of cloth, rather 
smaller than itself, steeped in dilute add, or any liquid 
capable of exerting chemical action upon zinc; upon this 
is placed a plate of copper, silver, or platinum ; then a 
second piece of zinc, another cloth, and plate of inactive 
metal, until a pile of about twenty alternations has been 
built up. If the two terminal plates be now touched with 
wet hands, the sensation of the electric shock will bo ex- 
perienced ; but unlike the momentary effect produced by 
the discharge of a jar, the sensation will be prolonged and 
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coDtinaous, and •with a pile of one hundred such pBira, excited by dilute add, 
it will be nearly insupponable. When such a pile is inautaled, Ihe two ei- 
tremities exhibit strong positive and negative stales, and when connection is 
made between Ihem by wires armed with points of hard chareoal or plum- 
hogo, the discharge takes place in the form of a bright endurinE spark or atream 
of fire. 

The second Ibrm of apparatus, or crown of cups, is precisely the same in 
principle although different in appearajice. A number of cups or gtasaea are 

Fig. 67. 



arranged in a row or drcle, each containing a piece of active and a piece of 
inactive metal and a portion of eiciting hquid ; zinc, copper, and dilute sul- 
'phuric Bciil, for example. The copper of ihe first cup is connected with Ihe 
zinc of the second, the copper of the second with the zinc of the third, and 30 
to the end of the series. On establishinc; a communication between the Urst 
and last plates by means of a wire, or otherwise, discharge takes place as 
before. 

When any cuoh electrical arrangement consists merely of a single pair of 
conductors and an interposed liquid, it is called a simple circuit; when two 
or more alternations are concerned, the term compound circuit is applied- 
they are called also, indilTerently, voltaic batteries. In every fbrm of such 
apparatus, however, complex it may appear, the direction of the current may 
be easily understood and remembered. Tlie polarity or disturbance may be 
considered to commence at the Burfiice of fee melal attacked, and to be pro- 
pagated through die liquid to the inactive conductor, raid thence back again 
by the connecting wire, these eiireraides of the battery being always respect- 
ively n^ative and positive when the apparatus ts insulated. In common 
parlance it is said, that the current in every hatteiy in an actjvo state starts 
from the metal attacked, passes through the liquid to the second metal or con- 
ducting body, and returns by the wire or other channel of communication ; 
hence in the pile and crown of cups just described, the current in the baiiery 
is always from the zinc tolho copperj and out of the battety,ftom the copper 
to the zinc, as shown by the arrows. 

In the modification of Volla's origii»l pile, made by Mr. Cruikshank, the 
zinc and copper plates are soldered together mil cemented water-tight into a 
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mahogany trough, which thus becomes divided^ inio a series of cells or joom- 
partment^ capable of receiving the exciting liquid. This apparatus is well 
fitted to exhibit effects of ttnnon;. to act upon the electroscope and give shocks ; 
hence its advantageous employment in the application of electriqity to medi- 
cine, as a very few minutes suf&ce to prepare it for use. The crown (NT cups 
was also put into a much more manageable form by Dr. Babington, and stUj 
further improved, as will hereailer be seen, by Dr. Wollastou. Subsequently, 
various alterations have been made by different experimenters with a view of 
obviating certain defects in the common batteries, of which a description will 
be found towards the middle of the volume. , 

The term galvanism, sometimes applied to this branch of electrical science, 
is used in honor of Professor Galvani, of Bologna, who, in 1790, made the 
very curious observation that eonvulsions could be produced in the limbs of a 
dead frog when ceijtain metals were made to touch the nerve and muscle at 
the same moment It was Volta, however, who pointed out the electrical 
origin of these motions, and although the ejxplanatipn he offered -of the 
source of the electrical disturbance is no longer generally adopted, his name 
is vdj properly associated with the invaluable instrument his genius gave to 
sciexkce, ' 

In the year 1822 Professor S^beck, of Berlin, discovered another source of 
«leetricily, to which allusion has already been made, namely inequality of 
temperature and conducting power in different metals placed in contact, or 
in the same metal in different states of compression and density. Even with 
a great number of alternations, the current produced is exceedingly feeble 
compared with that generated by the voltaic pile. 

Two or three animals of the class of fishes, as the torpedo^ or electric ray, 
and the electrical eel of South America, are furnished with a special organ or 
apparatus for developing electrical force, which is employed in defence, or in 
the pursuit of prey. Electricity is here seen to be. closely connected with 
nervous power; the shock is given at the will of the animal^ and great 
ejdiaustion follows repeated exertipn of the power. 

Although the fact that electricity is capable, under certain circumstances, 
both of inducing and of destroying magnetism, has long been known, from 
the effects of lightning on the compass-needle and upon small steel articles, as 
knives and forks, to which polarity has suddenly been given by the stroke, it 
was not until 1819 that the laws of these phenomena were discovered by Pro- 
fessor CEjTsted, of Copenhagen, and shortly afterwards fully developed by M. 
Ampere. 

The action which a current of electricity, from whatever source proceed- 
ing, exerts upon a magnetized needle, is quite peculiar. The. poles or centres 
of magnetic force are neither attracted nor repelled by the wire carrying the 
current, but made to move around the latter, by a force which may be termed 
tangential^ and which is exerted in a direction perpendicular at once to that 
of die current, and to-the line, joining the pole and the wire. Both poles of 
the magnet being thus acted upon at the same time,^and in contrary direc- 
tions, the needle is forced to arrange itself across the current, so that its axis, 
on the line joining ihe poles, may be perpendicular to the wire ; and this is 
always the position which the needle will assume when the influence of ter- 
restrial magnetism is in any way removed. This curious angular motion 
may even be shown by suspending a magnet in such a way that one only of 
its poles shall be subjected to the current; a permanent movement of rotation 
will continue as loiig as the current is kept up, its direction being changed 
by altering the pole, or reversing the current. The movaUe connections are 
made by mercury, into which the points of the conducting-wires dip. It is 
oflen of great practical consequence to be able to predict the direction in 
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which a particular pole shidl move by a given current, becaiue in ail galvano- 
scopes, and o&er instruments involving these principLes, the movement of the 
needle is taken as an indication of the direction of the circulating current, 
and this is easily done by a simple mechanical aid to the memory: — ^Let the 
current be supposed to pass through a watch from the face to the back: the 
motion of the north pole wiU be in the direction of the hands. Or a littlie 
piece of apparatus may be used if reference is often required; this is a piece 
of pasteboard, or other suitable material cut into the form of an arrow for 
indicating the current, crossed by a magnet having its poles marked, and 
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arranged in the true positkm with respect to the current The direction of 
the latter in the wire of thd galvanoscope can at once be known by placing 
the representative magnet in the direction assumed by the needle itself. 

The common galvanoscope, consisting of a coil of wire having a compasi- 
needle suspended on a point within it, is greatly improved by the addition of 
a second needle, as already in part described, and by a better mode of sus- 
pension, a long fibre of silk being used for the purpose. The two needles 
are of equal size, and magnetized as nearly as possible to the same extent ; 
they are then immovably fixed together, parallel, and with their poles opposed, 
and hung with the lower needle in the coil and the upper one above it. The 
advantage gained is twpfbld ; the system is astatic^ unaffected, or nearly so, by 
the magnetism of the earth; and the needles being both acted upon in the 
same manner by the current are urged with much greater Ibrce than one 
alone would be, all the ac^ns of every part of the coil being strictly concur- 
rent A divided circle is placed below the upper needle, by which the angu- 

Fig. 10. 
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lar motion can be measured, and the whole is enclosed in glass to shield the 
needle from the agitation of the air. ' 

The action between the pole and the wire is inutual, as may be shown by 
rendering the wire itself movable and placing a magnet in its vicinity j on 
completing the circuit the wire will be put in motion, and, if the arrangement 
permits, rotate around the magnetic pole. 

A little consideration will show, that from the peculiar nature of the electro- 
dynamic force, a wire carrying a burrent, bent into a spiral or helix, must pos- 
sess all the properties of an ordinary magnet- 
ized bar, its extremities being attracted and 
repelled by the poles of a magnet Such is 
really'found to be the case, as may be ptoved 
by a variety of arrangements, among which it 
will be sufficient to cite the beautiful little appa- 
ratus of Pioibssor De la Rive. A short, wide 
glass tube is fixed into a cork ring of considera- 
ble size ; a little voltaic battery, consisting of a 
single pair of copper and zinc , plates, is fitted to 
the tube, and to these the ends of the spiral are 
soldered. On filling the tube with dilute acid 
and floating the whole in a large basin of water, 
the helix will be observed to arrange itself in the magnetic meridian, and on 
trial it will be found to obey a magnet held near it, iii the most perfect man- 
ner, as long as the current circulates. 

When an electric current is passed at right angles to a piece of iron or 

steel, the latter abquires magnetic polarity, either tem- 
porary or permanent as the case may be, the direction 
of the current determining the position of the poles. 
This efiect is prodigiously increased by causing the cur- 
rent to circulate a number of times round the bar, which 
then acquires extraordinary magnetic poWer. A piece 
of soil iron, worked into die form of a horse-shoe, and 
surrounded by a coil of copper wire covered with silk 
or cotton for the purpose of insulation, fiimishes an ex- 
cellent illustration of the inductive energy of the current 
in this respect ; when the ends of the wire are put into 
communication with a small voltaic battery of a single 
pair of plates, the iron instantly becomes so hig^hly 
magnetic iets to be capable of sustaining a very heavy 
weight 

A current of electricity can thus develop magnetism 
in a transverse direction to its own ; in the same man* 
ner, magnetism can call into activity electric currents. 
If the two extremities of the coil of the electro-magnet 
above described, be connected with a galvanoscope, and 
the iron magnetized by the application of a permanent 
steel horse^shoe magnet to the ends of the bar, a mo- 
mentary current will be developed in the wire, and pointed out by the move- 
' ment of the needle. It lasts but a single instant, the needle returning afler a 
few oscillations to a state of rest. On removing the magnet, whereby the 
polarity of the iron is at once destroyed, a second current or wave will be- 
come apparent, btitin.the opposite direction to that of the first. By employ- 
ing a very powerful steel magnet, surrounding its iron keeper or armature 
with a very long coil of wire, and then making the armature itself rotate in 
front of the &ces of the magnet, so that its induced polarity shall be rapidly 
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levtraed, magneto-electric cnnents nutj be produced, of inch inlenai^ as to 
give bright sparks and most powerful shocks, and exhibit ail the phenomena 
of voltaic dectrjcity. Fig. 73 repiesenls a verypoweiful airangement of this 



When two covered wires are twisted together or laid side by side for some 
distance, and a ciuTeU traosmined through the oae, a Diomentaiy electrical 
wave will be induced in the other in the reverse direction, and on breaking 
connexion with the battery, a second single wave will become evident by the 
Bid of the galvanoarope, in the same direction as that of the primary ounent 
These curious induced currents, sometimea acquire a degree of intensity supe- 
rioi to that of the battery-current itself. The effect described may even occuc 

M. Ampere discovered in the course of his investigations a nnmbei of ex- 
tremely inleiesting phenomena resulting from the action of electrical currents 
on each other, which become evident when arrangements are madeibr giving 
mobility to the conducting- wires. He found, that when two currents flawing 
in the same direction were made to approach each other, strong attraction 
look place between ihem, and when in oppoute directions, an equally stroitg 
repulsion. These eOeclg, which are riot difficult to demonstrate, have abso- 
lutely no relation that can be traced to ordinary electrical attractions and 
lepuluons, Item which they muRt be carefully distinguished; they are purely 
rfynumte, having to do with elecliioity in motion. M. Ampere founded upon 
this discovery a most beautiful and ingenious hypothesis of magnetic actions 
In general, which explains very clearly the infiuence of the current upon the 

The polarity of the earth is now generally supposed to be due to electrical 
currents circulating within and around it, and which may perhaps be called 
into existence by the unequal heating of the Hir&ce by the rays of the sun. 

The electricity eihibiled under certain peculiar ciicumstances by a jet of 
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tfteam, first observed by mere aceident, but since closely investigated by Mr. 
Armstrong, and also by Mr. Faraday, is now referred to the firiction, not of 
the pure steam itself, but of particles of condensed wiiter, against the interior 
pf the exit tube. It is very doubtful whether mtre evaporation can cause 
electrical disturbance, and the hope first entertained that these phenomena 
would throw light upon the cause of electrical excitement in the atmosphere, 
is now abandoned. The steam is usually positive, if the jet-pipe be constructed 
of wood or clean metal, but the introduction of the sniallest trace of oily mat* 
ter causes a change of sign. The intensity of the charge is, cOUru paribut^ 
increased with the elastic £)rc9 of the steam ; already efiects have been ob- 
tained very far surpassing those of the most powerful plate electrical machines 
ever constructed.* 



* The student will find in the SxperinunUil Reseatektt of Mr. Faraday, some time since 
published in a collected foim, an inexhaustible fund of information on many of these 
curious subjects. The complete revolution which the discoveries there described have 
effected in the received views of electrical phenomena greatly increases the difficulty at 
the present moment of explaining in a clear and satisfactory manner the elementary 
parts of the science of statical electricity. 

The articles Magnetism- and Electro-magnetism, by Dr. Roget, in the traets of the 
Society for the Diffusion of Useful Knowledge, may be also consulted with advantage. 
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CHEMISTRY OF ELEMENTARY BODIES. 



The term denunt or demeniary mb^ance is-- applied in chemistry to those 
£9nns or modifications of matter which have hitherto resisted all attempts to 
decompose them. Nothing is ever meant to be affirmed concerning their 
real nature ; they are idmply elements to us at the present time ; hereafter, by 
new methods of research, or by new combinations of those already possessed 
by science, many of the substances which now figure as elements may possi- 
bly be shown to be compounds; this has already happened, and may again 
take placci 

The elementary bodies, at present recognized, amount to fifty-five in man- 
ber ; of these, about forty belong to the class of metals. The distinction between 
metals and non-metaUic substances^ although very convenient ibr purp6ses o€ 
description, is entirely Arbitrary, since the two classes graduate into each other 
in the most complete manner. 

It will be proper to commence with the latter and least numerous division. 
The elements are nam^ed as in the subjoined table, which, however, does not 
indicate the order in which they will be discussed. 



Yttrium 

Ksmuth 

Tin 

Mercury 

Silver 

Lead 

Barium 

Strontium 

Calcium 

Magnesium 

Zinc 

Cadmium 

Nickel 

Cobalt 

Copper 

Iron 

Manganese 

Litiiiian 

Sodium 

Potassium 

s 

* To which may be added the eiffht lately discoYered metals, viz : Didymiuim Erbitu^ 
Terbium, Noriora, Pelopium, Niobium, Illnenium, and RutheiiiuitL-kR. B. 



Non-metallio 


Elements of inter- 




Elements. 


mediate characters. 


M 


Oxygen 


Phosphorus 


. Antimony 


Hydrogen 


Arsenic 


Chromium 


Nitrogen 


TeUuriJim 


Vanadium 


Chlorine 


I 


Tungsten 


Iodine 




Molybdenum 


Bromine 




Columbium 


Fluorine 




Titanium 


Carbon . 


/ 


Uranium 


Silicon 




Cerium • 


Boron 




Lantanum* 


Sulphur 


■ 


Platinum 


Selenium 


• 


Palladium 




' 


Rhodiimi 


b 




Iridium 






Osmium 

Gold 

Aluminum 

Glncimim 

Ziroonium 

Thorium 



Whatever plan of classifioBtioD, jbtinded on the natiml relations of the ele- 
ments, be adopted, in the practiCBt stud; of chemistry, it will always be found 
most ad vaulaiEeoiw to conunenco witb the consideiation of the great consti- 
tuents of the ocean and the atmosphere. 

Oxygen was disoovered in the year 1774, by Scheele, in Sweden, and Dr. 
Priesttey, in England, independently of eoch other, end descrUwd under the 
terms eng>j/real air and vilal.air. • The name oiygent was given to it by 
Lavoisier some time aAerwards. Oiygen exists in a free and imcombiDsd 
slate in the atmosphere, minglod with another gaseous body, niDogen ; no 
direct means exist, however, for separating it from the latter, and aocordiiigly, 
it is always obtained Tor purposes of experiment by dacompoaiog certain of 
its compounds, which are very numerous. 

The red oxide of mercury, or red pr^dpitali of the old writers, may bo 
employed with this view. In this substance the attraction which holds to> 
gelher the mercury and the oxygen is so feeble that simple expoauie to heal 
suffices to bring about decomposition. The red precipitate ia placed in a 
short tube of hard glass, to which is fitted a perforated cork, furnished with a 
piece of narrow glass tube\ bent as in the Sgure. The heal of a spiri^lamp 
being applied to the substance, decomposition speedily commences, globules 
of metallic mercury collect in the cool pan of the wide tube, which answers 
the purpose of a retort, while gas issues in considerable quantity from the 
apparatus. This gas is collected and examined by the aid of the pneumatic 
trough, which consists of a vessel of water provid«i with a ahalf, upon which 
stand the jarg or bottles destined to receive the gas, filled with water uul 

Fig. 74. 
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of air prevented. When brought over the extremity of the gasklelivering 
tube, the bubbles of ^s arising through the water. collect in the upper part of 
the jar and displace the liquid. As soon as one jar is filled, it may be re- 
moved, still keeping its. mouth below the water-level, and another substituted. 
The arrangement is shown in fig. 74. 

The experiment described is more instructive as an excellent case of the 
resolution by simple means of a compound body into its constituents, than 
valuable as a source of oxygen gas. A better and more economical method 
is to expose to heat in a retort, or flask furnished with a bent tube, a portion 
of the salt called chlorate of potash. A common Florence flask serves per- 
fectly w^ell, the heat of a spirit-lamp being suflicient The salt melts and 
decomposes with ebullition, yielding a very large quantity of pure oxygen gas, 
which may be collected in the way above described. Tlie white saline resi- 
due in the flask is chloride of potassium. This plan, which is very easy of 
execution, is always adopted when very pure gas is required for analytical 
purposes. 

A third method, very good when perfect purity is not demanded, is to heat 
to redness, in an iron retort or gun-barrel, the black oxide of manganese of 
commerce, which under these circumstances suflfers decomposition, althou^ 
not to the extent manifest in the red precipitate. 

If a little of the black oxide of manganese be finely powdered and mixed 
with chlorate of potaahj* and this n^ixture heated in a flask or retort by a lamp, 
oxygen will be disengaged with the utmost facility, and at a iai' lower tempe- 
rature than when the chlorate alone is used. All the oxygen comes from 
the chlorate, the manganese remaining quite unaltered. The materials should 
be well dried in a capsule before their introduction into the flask. This ex- 
periment affiDrds an instance of an eflfect by no means rare, in which a body 
seeins to act by its mere presence, without taking any obvkms part in the 
change brought about 

Whatever method be chosen — and the same remark applies to the collec- 
tion of all other gases by similar means— the firsjt portions of gas must be 
suflered to escape, or be received apart, as they are contaminated by the atmo- 
spheric air of the apparatus. The practical management of gases is a point 
of great importance to the chemical student, and one with which he must en-, 
deavor to &miliarize himself. The water-trough just described is one X)f the 

Fig. 75. 




most indispensable articles of the laboratory, and by its aid all experiments^ 
on gases igre carried on when the gases themselves are not sensibly acted upon 

* In the proportJon of one or two parts of the former to teA pf the latter.— R. B. 
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by- water. The trough is best oonstructed of japanned copper, the form and 
dimensions being regulated by the magnimde of the jars. It riiould have a 
firm shelf, so arranged as to be alwaj's about an inch below the level of the 
water, and in the shelf a groove should be made, about half an inch in Width, 
and the same in depth, to admit the extremity- of the delivery tube beneath 
the jar, which stands securely upon the shelf. When the pneumatic trough 
is required of tolerably large dimensions, it may with great advantage have 
the form and disposition represented Ih the cut (fig. 75) ; one end of the groove 
spoken o^ whieh crosses the shelf or shallow portion, is shown at a. 

Gases are transvased fironi jar to jar with 
the utmost facility, by first filling the vessel 
into which the gas is to be passed with water, 
inverting it, carefully retaining its mouth 
below the water-level, and then bringing be- 
neaih it the aperture of the jar containing 
the gas. On gently inclining the latter, the 
gas passes by a kind of inverted decantation 
into the second vessel. When the latter is 
narrow, a funnel may be placed loosely in 
itd neck, by wji^h loss of gas will be foUnd 
to be prevented. 

A jar wholly or partially filled with gas 
- at the pneumatic trough may be removed by 
placing beneath it a shallow basin, or even 
a common plate, so as to carry away enough 
water to cover the edge of the jar; and gas, 
especially oxygen, may be so preserved fbt 
many hours without ma:terial injury., 
Gas-jars are often capped at the top and 
fitted with a stop-cock for transferring to bladders or caoutchouc bags. When 
stach a vessel is to be filled with water, it may be slowly sunk in an upright 
position in the well of the pneumatic trough, the stop-cock being open to allow 
&e air to escape, until the w^ter reaches the brass cap. The cock is then to 
be turned, and the jar lifled upon the shelf and filled with gas ih the usual 
tray. If fiie trough be not deep enon^ for this manceuvre, the month may 

be applied to the stopcock and the vessel 
filled bysucking out the air until the water 
. rises to the cap. In all cases it is proper 
to avoid as much as possible wetting the 
stop-cocks and other brass apparatus. 

Mr. Pepys contrived some years ago an 
admirable piece of apparatus for storing 
and retaining large quantities of gas. It 
^ ccmsists of a drum or reservoir of sheet 
copper, surmounted by A shallow trough or 
cistern, the communication between the 
two being made by a couple of tubes, 0^6, 
furnished with cocks, / A, one of which, 
a, passes nearly to thebottom of the drum, 
as shown in the sectional sketch. A short 
wide open tube, Cj is inserted obliquely 
near the bottom of the vessel, into which 
a plug may be tightly screwed* A stop- 
cock, gf near the top serves to transfer gas 
to a IMidtft or tube apparatus. A ghiss 
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water-gauge, e, <f, a^ed to the side of the ,drum, and communicating with 
both top and bottom, indicates the level of the liquid within. 

To use the gas-holder, the plug is first to be screwed into the lower open- 
ing, and the drum completely filled wi^ water. All three stop-oocksare then 
to be closed, and the plug removed. The pressure of the atmosphere retains 
the water in the gas-holder ; and if no air^leakage occur, the escape of water 
is inconsiderably. The extremity- of the delivery-tube or retort is now to be 
well pushed through the open aperture into the drum, so that the bubbles of 
gas rise without hinderance to the upper part, displacing the water which 
fk>ws out in the same proportion into a vessel placed for its reception. When 
the drum is filled, or enough gas has been collected, the tube is withdrawn, 
and the plug screwed into its place. 

When a portioh of the gas is to be transferred to a jar, the latter is to be 
filled with w^at^ at the pneumatic trough, carried by the help of a basin or 
plate to the cistern of the gas-holder, and placed over the shorter tube. On 
opening the cock of the neighboring tube, the hydrostatic pressure of the 
column of water will cause condensation in the gas, and increase its elastic 
ibrce, so that on gently turning the cock beneath the jar, it will ascend into 
the latter in a rapid stream of bubbles. The jar, when filled, may again have 
the plate slipped beneath it,- and be removed without difficulty. 

Oxygen when free or unoombined, is only known in the gaseous state, all 
attempts to reduce it to the liquid or sc^d condition by cold and pressure 
haviog completely failed^ It is, when pure, colorless, tasteless, and inodor- 
ous; it is the sustaining principle of animal life, and of aU the ordinary phe- 
nomena of combustion. 

Bodies which bum in the air bum with greatly increased splendor in 
oxygen gas. If a taper be blown out, and then introduced while the wick 
remains red hot, it is instantly rekindled: a slip of wood or a match is re- 
lighted in the same manner. This effect is highly characteristic of oxygen, 
there being but one other gas which possesses the same property; and this is 
easily distinguished by other means. The experiment Mrith the match is also 
oonstimtly used as a rude test of the goodness of the gas when it is about to 
be collected from the retort, or when it has stood some time in contact with 
water exposed to the air. 

When a bit of barkey charcoal is affixed to a iHreand plunged with a single 
point red4iot into a jar of oxygen, it bums with great brilliancy, throwing off 
beautiful sdntillaticms until, if the oxygen be in excess, it is completely con- 
snmed. An iron wire, or, still better, a steel watch-spring, armed at its 
extremity with a bit of lighted amadou, and introduced into a vessel of good 
gas, exhibits a most beautiful appearance of combustion. If the experiment 
be made in a jar standing on a plate, the fiised globules (^ black oxide of iron 
fix themselves in the glaze of the latter after falling through ft stratum of 
water half an inch in depth. Kindled sulphur burps with great beauty in 
oxygen, and phosphorus, under similar circumstaiiioesi isxhibits a splendor 
which the eye is unable to support 

• In these and many other similar cases which might be mentioned, the 
same ultimate effect is produced as in atmospheric air; the action is, however 
more ei>ergetie fixmi the abseneeof the gas which in the air dilutes the oxygen 
and enfeebles its chemical powers. Tlie process of re^iration in animals is 
an effect of the same nature as commoti combustion. The blood contains 
sobstatiees which bum by the aid of the oxygen thus intiloduced into the 
system. When this action oeases, lifo becomes extinct. 

OxjTgen is, bulk fyr bulk, a little heavier than atmospheric air, which is 
usu^ly taken as the standard of unity among gases. Its speciflo gravity is 
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expressed by thp number 1'1067;* 100 cubic inches at 60®, and under the 
mean pressure of the atmosphere, that is, 30 inches of mercury, weigh 34'29 
grains. 

It has been ahready remarked, that to determine with the least degree of 
accuracy the specific gravity of a gas is an operation of very great practical 
difficulty, but at the same time of very great importance. There are several 
methods which may be adopted for this purpose; the one below*mentioned 
appears, on the whole, to be the .simplest and best It requires, however, the 
most scrupulous care, and the observance of a number of minute precautions, 
which are absolutely indispensable to success. 

The plan of the operation is simply this: A large glass globe is to be filled 
with the gas to be examined, in 'a perfectly pure and dry state, having a 
known temperature, andan elastic force equal to that of the atmosphere at the 
time of the experiment The globe so filled 1$ to be weighed. It is then 
to be exhausted at the air-pump as far as convenient, and again weighed. 
Lastly, it is to be filled with dry air, the temperature- and pressure of which 
are known, and its weight once more determined. On the. supposition that 
the temperature and elasticity are the same in both cases, the specific graviQr 
is at once obtained by dividing the weight of the gas by that of the air. 

The globe or fiask must be made very thin, and fitted with a brass cap, 
surmounted by an excellent stop-cock. A delicate thermometer is placed in 
the inside of the globe. The gas must be generated at the moment, and con- 
ducted at once into the previously exhausted vessel, through a long tube filled 
with fragments of pumice moistened with oil of vitriol, or some other ex- 
tremely hygroscopic substance, by which it is freed from, all moisture. As 
the gas is necessarily generated under some pressure, the elastici^ of -that 
contained in the filled globe will slightly Exceed the pressure of the atmo- 
sphere; and this is an advantage, since by opening the stop-cock for a single 
iilstant when the globe has attained a temperature of equiUbnum,the tension 
becomes exactly that of^ the air, so that all barometrical correction is avoided, 
unless the pressure of the atmosphere should senBibly vary during the time 
occupied by the experiment. It is hardly necessary to remaric, that the 
greatest care must also be taken to purify and dry the air x^aed as the standard 
of comparison, and to bring both gas and air to as nearly as possible the same 
temperature, to obviate the necessity of a correction, or at least to diminish 
almost to nothing the errors involved by such process* 
. The compounds formed by the direct union of oxygen with other bodies, 
bear the general name of oxides; these are very numerous and important 
They are conveniently divided into three principal groups or classes. The 
first division contains all those oxides which resemble in their chemical rela- 
tions potash, soda, or the oxide of silver or of lead ; these are denominated 
aUcaiine or bcuic oxides, or sometimes, salifiable - baaes. The oxides of the 
second grdup have properties exactly opposed to those of the bodies men- 
tioned ; oil of vitriol and phosphoric acid may be taken as the types or repre- 
sentatives of the class: they are called acids, and they tend strongly to unite 
with the basic oxides. When this happens, what is (»dled a salt is generated, 
as sulphate of potash, or phosphate of oxide of silver, each of these sub- 
stances being compounded of a pair of oxides, one of which is highly basic 
and the other highly acid. 

Then, there remains a third group of what may be termed neutral bodies, 
from their little disposition to enter into combination. The black oxide of 
mangEinese, already mentioned, is an excellent example. 

It very frequency happens that a body is capable of uniting with oxygrai 
in several proportions, forming a series of oxides, to which it is necessary to 

* Dumas, Ann. Chim. et Phys., 3d Series, ill. p. iS7S. 
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Bmes. The rale in such cssea is very simple, « leftst 
when Ihe oxides of Ihe metals are concerned. In such a seiiea it is always 
found tiiBt one oul of the number baa a Btrongly-marked basic diaiBcter; to 
this, the term protoxide is given. The compounds Oeit succeeding receive the 
names of dmtande, trUoxiilt, Stc., IVom the Greet numerals, tiie different 
grades of oxidation being thns indicBled. It is usual to call Ihe highest 
oxide, not having distinctly acid characters, jKnuife, from the Latin prefli, 
signiiying excess. Any compound containing less oxygen than the proloiide, 
is called a tub-Kcidt, 

Other terms are occasionally nsed ; thus, when two oxides of the same 
substance occur, if the second contain, as is often die case, twice as much 
oxyijen as the first, the expression binoxidt is sometimes used to point out 
this relation. Superoxide or hyperoxide is a word sometimes applied 10 the 
higher neutral oxides which easily pass into protoxides by losing oxygen. 



Hydrt^en is always obtained for experimental purposes by deoxidizing 
water, of which it forms the characteristic component " 

If a tube of iron or porcelain, containing a quantity of filings or turnings 



its middli; portion be mode red hot, and 
the heated metal, a largo quantity 
the mbo, and the iron will become 
HisB in weight The gas is hydro- 



1, beGxed 
then ihe vapor of 

of permanem gas will be disengaged fr 
converted into oiide, and acquire an ii 
gen ; it may be collected over water ai 
When zinc is put into water, chemic 
is imperceptible, but if a little sulphur 
water ensues, the oxy^n unites with the zinc, forming oxide of zinc, which 
is instantly dissolved by the acid, while the hydrogen, previotuiy in tmion 
with that oxy^n, is disengaged in the gaseous form. The reaction is repre- 
sented in the subjoined diagram. 

''■'•' i oliTS r '"•■ 

Zinc — - ■ ' , j^-oxidBofanc i 3u|nlrtite of 






BubslanOB which can unite with the 
oxide so produced ; it is, however, a 
kind of reaction of very common oo- 

The simplest meUiod oC preparing 
the gas is the following: — A wide- 
necked bottle is chosen, and Sttedwilh 
a sound cork, perforated by two holes 
for (he reception of a small tube funnel 
Teaching nearly to the bottom of the 
battle, and a piece of bent glass tube 
to convey away the disengaged gas. 
Granulated zinc, or scraps of the mal- 
leable metal are put into the boille, 
tc^ethet with a little water, and sul- 
phuric acid slowly adijed by the fun- 
nel, the point of which should dip into 
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the liquid. The evolution of gas' is easily regulatad by the supply of acid, 
and when enough has been discharged to expel the air of the vessel, it may 
be oollected over water into a jar, or passed into a gas-holder. In the abseaoe 
of zinc, filings of iron or small nails may be used, but with less advantage. 

A little practice will soon enable the pupil to construct and arrange ft 
variety of useful forms of appa^tus, in which bottles and u&er articles always 
at hand are made to supejrsede more costly instruments. Glass tube* pur- 
chased by weight of the maker, may be cut by scratching with a file and then 
applying a little force with both hands. It may be softened and bent, when of 
small dimensions,. by the flame of a spirit-^lamp, or even a candle or gas*jet. 
Corks may be perforated by a heated wire, an^ the bole reiidered smooth and 
cylindrical by a round file, or the ingenious oork>borer of Dr. Mohr, now to 
be had of most instrument-makers, may be used instead. Las^y, in the event 
of bad fitting, or imsoundness in the cork itself, a little yellow wax melted 
over the surface, or even a little grease applied with the finger, renders it 
sound and air-tight, when not exposed to heat 

Hydrogen is colorless, tasteless, and inodorous whea quite pure; when 
prepared from commercial zinc it has a slight smell, which is due to impurit]F, 
and when iron has been used, the odor becomes vejy strong and disagred" 
able. It is inflammable, burning when kindled with a pale yellowish flame, 
and evolving much beat, but very little light The result of the combustion 
is water. It is even less soluble in water than oxygen, and has never been 
liqiiefied. Although destitute of poisonous properties, it is incapable of sus- 
taining life. 

In point of specific gravity, hydrogen is the lightest substance known; 
Dumas and Boussingault place its density petween *0691 and *0695;* hence 
100 cubic inches will weigh, under ordinary circumstances of pressure and 
temperature, 2.14 grains. 

When a gas is much lighter or much heavier than atmospheric air, it may 
often be oollected and examined without the aid of the pneumatic 
trough. A bottle or narrow jar may be filled with hydrogen 
without much admixture of air, by inverting it over the extremi^ 
of an upright tube delivering the gas. In a short time, if the 
supply be copious, the air will be wholly displaced and die ves- 
sel filled. It may now be removed, the vertical position being 
carefully retained, and closed by a stopper or glass plate. If thtf 
mouth of the jar be wide, it must be partially closed by a piece 
of eard-board during the opemtion. This method of collecting 
gases by displacement is oAen extremely usefiil. Hydrogen was 
formerly used for filling air balloons, being made for the purpose 
on. the spot from zinc or iton and dilute sulphuric acid. Its use 
is now superseded by that of coal-gas, which may be i;nade very 
light by employing a high temperature in the manufacture^ 
Although far inferior to pure hydrogen in buoyant power, it is 
found in practice to possess advantagesover that substance, while 
its greater density is easily compensated by increasing the mag* 
^ nitude of the balloon. 

There is a very remarkable property enjoyed by gases and vapors in gene- 
ral, which is seen in a high degree of intensity in the case of hydrogen; this 
is what is called d^utive power. If two bottles containing gases, wliich do 
not act chemically upon each other at common temperature, be connected by 
a narrow tube (fig. 80), and left for some time, they will be found, at the ex{Hm- 
tion of a certain period, depending much upon the narrowness of the tube and 
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* Ann. Chim. et Phys., 3d Series, viil. p. 201. 
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its length, 'oniformly- mixed, even though the guises differ greatly Fig. 80* 
in density, and the system has been arranged in a vertical posi- 
tion, -yidth the heaviest gas downwards* Oxygen and hydrogen 
can thus be made to mix, in a few hours, against the action of 
gravity, thim^h a tube a yard in length, and not more than one- 
quarter of an inch in diameter; and the fact is true of all other 
gases which are destitute of direct action upon each other. 

if a vessel be divided into two portions by a diaphragm or par- 
tition of porous earthenware or dry plaster of Paris, and eadi half 
filled with a different gas, difiusion will immediately oonmience 
through the pores of the dividing substance, cmd will continue until 
-perfect, mixture has taken place. All gases, however, do not per- 
meate the same porous body, or, in other words, do not pass through 
narrow orifices with the same degree of facility. Mr. Graham, to 
whom we are indebted for a very. valuable investigation of this 
interesting subject, has established the existence of a very simple 
relation between the rapidity of difiiision and the density of the gas, 
which is expressed by saying that the difiusive power varies in- 
versely as the square root of the density of the gas itself Thus, in 
the experiment supposed, if one half of the vessel be filled with 
hydrogen, and the o&er with oxygen, the two gases will penetrate ^ 

the diaphragm at a very different rate ; four cubic inches of hydro- 
gen will pass into the oxygen side, while one cubic inch of oxygen travels in 
the opposite direction. The densities of the two gases are to each other in 
the proportion of 1 to 16 ; their relative rates of difiusion will be inversely as 
the square roots of these numbers, or 4 to 1. 

By making the diaphragm of some fiexible material, as a piece of mem- 
brsme, the accumulation of the lighter gas on the side of the heavier may be 
rendered evident by the bulging of the membrane. The 
simplest and most striking method of^making the experi'^ 
ment is by the use of Mr. Graham's diSusion-tube. This 
is merely a piece of white glass tube ten or twelve inches 
in length, having one of its extremities closed by a plate of 
plaster of Paris about half an inch thick, and well dried. 
When the tube is filled by displacement with hydrogen, fmd 
then set upright in a glass of water, the level of the liquid 
rises in the tube so rapidly, that its movement is apparent to 
the eye, and speedily attains a height of several inches 
above the water in the glass. The gas is actually rarefied 
by its superior difiusive power over that of the external 
air. 

It is impossible to over-estimate the importance in the 
great economy of Nature of this very curious law afiecting 
the constitution of gaseous bodies; it is the principal mean 
by which the iatraosphere is preserved in a unifbrm state, 
and the accumulation of poisonous gases and exhalations 
in towns and other confined localities prevented. 

^ distinction must be carefully drawn between real difiusion through small 
apertures, and the apparently similar passage of gases through wet or moist 
membranes and other substances, which is really due to temporary liquefac- 
tion or solution of the gas, and is an e&ct completely difierent from difiiidion 
properly so called. For example, tlie difiusive power of carbonic acid into 
atmospheric air is very small, but it passes into the latter through a wet 
bladder with the utmost ease, in virtue of its solubility in the water with 
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which the membTane is moistened. It is by such a process that the function 
of respiration is performed; the aeration of the blood in the lungs, and the 
disengagement of its carbonic acid, are efiected through wet membranes ; the 
blood is never brought into actual contact with the air, but receives its supply 
of oxygen, and disembarrasses itself of carbonic acid by this kind of spurious 
difiusion. 

The high diffusive power of hydrogen against air tenders it impossible to 
retain that gas for any length of time in a bladder or caoutchouc bag ; it is 
even unsafe to keep it long in a gas-holder, lest it should become mixed .with 
air by slight accidental leak^e, and rendered explosive. 

It has been stated, that although the light emitted by the flame of pure 
hydrogen is exceedingly feeble, yet the temperature of the fiame is very high. 
This temperature may be still further exalted by previously mixing the hydro- 
gen with as much oxygen as it requires for combination, that is, as will 
pifesently be seen, exactly half its volume. Such a mixmre bums like gun- 
powder, independently of the external air. When raised to the requisite tem- 
perature for combination, the two gases unite with explosive violence. If a 
strong bottle, holding not more than half a pint, be filled with such a' mixmre, 
the introduction of a lighted match or red-hot wire determines in a moment 
the union of the gases. By certain precautions, a mixture of oxygen and 
hydrogen can be burned at a jet without communication of fire to the con- 
tents of the vessel ; the flame is in this case soKd. 

A little consideration will show, that all ordinary fliames burning in the air 
or ifi pure oxygen are, of necessity, hollow; The act of combustion is nothing 
more than the energetic union of the substance burned with the surrounding 
oxygen ; and this union can only take place at the surface of the burning 
body. Such is not the case, however, with the flame now under considera- 
tion ; the conibustible and the oxygen are already mixed, and only require 

to have their temperature a little raised to cause them t6 
combine in every part The flamef so produced is very dii^ 
ferent in physical characters from that of a simple jet of hy* 
drogen or any other combustible gas j it is long and pointed, 
and very remarkable in appearance. 

The safety-jet of Mr. Hemming, flie construction of which 
involves a principle not yet discussed, may be adapted to a 
common bladder containing the mixmre, and held under the 
arm, and the gas forced through the jet by a little pressure. 
Although the jet, properly constructed, is believed to be safe, 
it is best to use nothing stronger than a bladder, for fear of 
injury in the event of an explosion. Tlie gases are often 
contaiiled in separate reservoirs, u pair of Idrge gas-holders, 
for example, and pnly suflered to mix in the jet itself, as in 
the contrivance of Professor Baniell ; in this way all danger 
is avoided. The eye speedily becomes accustomed to the pe- 
culiar appearance of the true hydro-oxygen fiame, so as to 
permit the supply of each gas to be exactly regulated by 
suitable stop-cocks attached to the jet, (fig. 82.) 

A piece of thick platinum wire intioduded into the flame 
of the hydro-oxygen blow-pipe melts with the greatest ease; a 
watch-spring, or small steel file burns with the utmost bril- 
liancy, Growing ofl" shbwers of beautiful sparks; an incom- 
bustible oxidized body, as magnesia or lime, becomes so in- 
tensely ignited^ as to glow with a light insupportable to the eye, and to be 
susceptible of employment as a moat powerful illuminator, aA a substitute for 
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the san*s rsys in the solar miciosoope, and for mght signals in tr^onometrical 
suryejrS. 

If a long glass tabe, open at both ends, be h^d oveir a jet of h^dro- Fig. 83. 
gen, a series of mnsiiml sounds are sometimes produce^ by the par- 
tial extinction- and rekindling of ihe flame by the ascending current 
of air. These little explosions succeed each other at regular inter- 
vals, and so rapidly as to give rise to a musical note, the pitoh 
depending duefiy upon the length and diameter of the tube. 

Although oxygen and hydrogen may be kept mixed at common 
temperatures ibr any length of time wi^out combination taking 
place, yet, under particolar circumstances, they unite quietly and 
without explosion. Some years ago Professor Ddbereiner of Jena, 
made the curious obeerradon that finely-divided platinum possessed 
the pow;er of determining the union of the gases^and more recently 
Mr. Faraday h^a shown that the state of minute division is by no 
means indispensable, since rolled plates of the metal had the same 
property, provided their surfaces were absolutely clean. Neither 
is the effect strictly confined to platinum ; other metals, as palla- 
dium and gold, and even stones and glass, enjoy the same property, 
although to a far inferior degree, since they often require to be 
aided by a little heat When a piece of platinum finl which has 
been cleaned by hot oil of vitriol and thorough washing with dis- 
tilled water, is thrust into a jar containing a mixture of oxygen 
and hydrogen standing over water, combination of the two gases 
immediately begins, and the level of the watef rapidly rises, and 
the platinum becomes so hot, that drops of water accident^y falling upon it 
enter into ebullition. . If the metal be very thin and exoeecUngly clean, and 
the gases very pure, theii its temperature rises, afler a time, to actual redness, 
and the residue of the mixture explodes. But this is an effect altogether ac- 
cidental, and dependent upon the high temperature of the platinum, which 
high temperature has been produced by the preceding quiet combination of 
the two bodies. When the platinum is reduced to a state of division, and its 
sorface thereby much extended, it becomes immediately red*hot in a mixture 
of hydrogen 'and oxygen, or of hydrogen and air ; a jet of hydrogen thrown 
upon a little of the spcwigy metal contained in a glass or capsule becomes at 
once kindled^ and on this principle, machines for the production of instantane- 
ous light have been constructed. These, however, only act Well when con- 
stantly used; the spongy platinum is apt to become damp by absorption of 
moisture from the air, and its xx>wer is then for the time lost. 

Tb^ best explanation that can be given of these curious effects, is to suppose 
that solid bodies in general have, to a greater or less extent, the property of 
condensing gases upon their surfaces, and that this &culty is enjoyed pre-emi- 
nently by certain of the nonK}xidizable metals, as platinum and gold. Oxygen 
and hydrogen may thus under ^ these drcumstances fo^ brought, as it were, 
within ^e sphere of their mutual attractions by a temporary increase of dens- 
iQr, whereupon combination ensues. 

Coal-gas and ether or alcohol vapor may be made to exhibit the phenome* 
non of quiet oxidation under the influence of this remarkable surface action. 
A close spiral of slender platinum wire, or a roll of thin foil heated to dull 
redness and then held in a jet of coal-gas, beccxnes strcmgly ignited, and re- 
mains in that state as long as the supply of mixed gas and air is kept up, the 
temperature being maintained by the, heat disengaged in 'the act of union. 
Sometimes the metal becomes white hot, and then the gas takes fire. 

A very pleasing experiment may be made by attaching such a coil of wire 
to a card, and suspending itin i^ glass containing a few drops of ether, having 
7 




■e ooniinueH 10 glow until the oiygen of the aii ia 
exhauated, giving liae to the producdon of an [iiriuting 
vapor whiqh attaolu the ejea. The combuUioii of the 
ether 'a in UiU case but pantn] ; a ponton of its hydiogen 
is alone removed, ami the whole of the caibon left un- 
touched. 

A otnl of thin plaliaum wire, mar be placad over the 
wick of a spirit lamp, oi a ball of spongj' pladnunt nu- 
toihed just above the cotton; oa lighting the lamp and 
then blowing it out as soon as ihe metal appears red-hot, 
■low ccanbustioD of the spiiil drawn up by Aie capillarity 
of the wick will take place, accompanied bf the pungent 
Tap(»s juet menUoned, which may be modified, and even 
mndered agreeable, by dissolving in the liquid some swee^ 
mielling essential oil or resin. 

Hydrogen Ibrms numerous compounds with other bodies, although it is 
greatly surpassed in this respect not only by oxygen, but by many of the odier 
element& The chemical relations of hydrogen tend to place it beside the 
metals. The great discrepancy in phystcitl properties is perhaps more appa- 
rent than real. Hydrogen is yet unknown in the solid condition, while on the 
other band, the.yopor of the metal mercury is as transparent and colorless as 
hydrogen itself This vapor is only about seven times heavier than atmo- 
spheric air, so that the difference in this respect ia not aaarly so groat as that 
in the other direction between air and hydrogen- 
There are two oiides of hydrogen, namely, looitr, and a vary peculiar 
■ubslance, discovered in the year 1818, by M. Thfinard, called ptrtxridt of hy- 
drogen. 

It appears, that the composition of water was £rsl demonstrated in the year 
1781 iyy Mr: Cavendish, but the discovery of the exact proportions in which 
oxygen and hydrogen unite in generating that most important compound has 
fttim time to time to the present day occupied the atjention of some of the 
most distinguished cultivators- of chemical science, lliere are two distinct me- 
thods of research in chemistry, the anah/lical, or that in which the compound 
is resolved into its elements, and the tytithiiiad, in wliioh the elements are 
made to imile and prodnce the compound. The first method is of much raore 
general ^plicatkm than the second, but in this particulat instance both may 
be employed, although the resulta of Ihe synthesis are most 
Fig. 83. TAhiaUe. 

The most el^ant example of an analysis of water 
would probably be found in its decomposition by voliaio 
eleotricityi When water is acidulated so as to render it 
a conductor, and a portion interposed between a pair of 
platinum plates connected with the extremjliea of a vol- 
taic apparatus of moderate power, decompositiop of the 
liquid takes place in a very interesting manner; oxygen, 
in a state of perfect purity, is evolved from the water in 
contact with the plate belonging to the copper end of the 
battery, and hydrogen, equally pore, is disengaged at the 
plate connected with the zinc extremity, the middle por- 
— (-, tionsofliquid remaining apparently unaltared. Byplacing 

small graduated jars over the platinum plates, the gases 
can bo collected, and their quantities determined. The 
figure in the maj^n will show at a glance the whole ar- 
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luigement ; the oondnoting wires pass through the bottom of the glass cup, and 
away to the battery. 

When this experiment has been continued a sufficient time, it will be found 
that the volimae of the hydrogen is a very little above twice that of the oxy- 
gen ; wereit not for the accidental circumstance of oxygen being sensibly more 
s^uble in water than hydrogen, the proportion of two to one by measure 
would come out exactly. 

When oxygen and hydrogen, both as pure as possible, are Fig, 86. 
mixed in the proportions mentioned, passed into a strotig glass 
tube filled with mercury, and exploded by the electric spark, 
all the mixture disappear$, and the mercury is forced up into 
the tube, filling it completely. The same experiment may be 
made with the explosion-vessel or eudiometer of Mr. Caven- 
dish. The instrument is exhausted at the air>pump, and then 
filled from a capped jar with the mixed gases ; on passing an 
electric spark by the wires shown at a, explosion ensues, and 
the glass becomes bedewed with moisture, and if the stbp-oock 
be then opened tmder water, ^e latter will rush in and fill the 
vessel, leaving merely a bubble of air, the result of imperfect 
exhaustion. 

The process upon which most reliance is placed is that in 
which pure oxide of copper is reduced at a red heat by hydro- 
gen, and the water so formed ooUected and weighed. This 
oxide sufiers no change by.heat alone, but the momentary con- 
tact of hydrogen, or any common combustible matter at a high 
temperature, suffices to reduce a oorrespondiq^ portion to the 
metallic state. Fig. 87 will serve to convey some idea of the 
anangement adopted in researches of this kind. 

Fi^, 87. 





A copious supply of hydrogen is procured by the action of 
dilute sulphuric add upon the purest ^nc that can be ob- 
tained; the gas is made to pass in succession through solutions 
of silver ^nd^ strong caustic potash, by which its purification 
is completed. After this, it is conducted through a tube three or four feet in 
length, filled witb fragments of pumice-stone steeped in concentrated oil of 
vitriol, or with anhydrous phosphoric acid. These substances have such an 
extraOTdinaiy attraction- for aqueous vapor that they dry the gas completely 
during its transit The extremity of this .tube is shown at a. The dry hydro- 
gen thus arrives at the part of the appcuatus containing the oxide of copper, 
represented at 6; this consists of a two^ecked fiask of very hard white glass, 
maintained at a red heat by a spirit-lamp placed beneath. As the decompo- 
sition proceeds, the water produced by the reduction of the oxide begins to 
condense in the second neck of the flask, whence it drops into the receiver r, 
provided for the purpose. A second desiccating tube prevents the loss of 
aqueous vapor by the current of gas which passes in excess. 
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Be£]re the exjieriment can be commenced, the okide of copper, the parity 
of which is well ascertained, must be heated to redness for some time Jn a 
current of dry air; it is tiien sufiered to cool, and very carefully weighed 
with the flask. The empty receiver and second drying tube are also wdghed, 
the disengagement of gas set up> and when the air has been displaced, heat 
slowly applied to the oxide. The action is at first very energetic; the oxide 
often exhibits the appearance of ignition ; as the decomposition proceeds, it 
becomes more slugjg^sh, and requires the application of a good deal of heat to 
effect its completiozL 

. When the process is at an end, and the appcuratus perfectly cod, the stream 
of gas is discontinued; dry air is ^rawn through the whole arrangement, and 
lastly, the parts are disconnected and re-weighed. The loss of the oxide of 
copper gives the oxygen; the gain of the receiver and its drying-tube indicates 
the water, and the difference between the two, the hydrogen. - 

A set of experiments, made in Paris' in the year 1820,* by MM. S^long 
and Berzelius, gave as a meaii result for the composition of water by weight, 
8-009" parts oxygen tp 1 part hydrogen; numbers so nearly in the proportion 
of 8 to 1, that the latter have usually been assumed to be true. 

Quite recently the subject has been re^investigated by M. IXimast with the 
most scrupulous precision, and the above supposition fully confirmed. The 
composition of water may theref(»re be considered as established; it cotitsiins 
by weight 8 parts oxygen to 1 part hydrogen, and by measure, 1 volume 
oxygen to 2 volumes hydrogen. The densities of the gases, as already men> 
tioned, correspond very closely witk these results. 

The physical properties of water are too well known, to need lengthened 
description; it is, when pure, colorless, and transparent, destimte of taste and 
odor, and an exceeditigly bad conductor of electricity of low tension. It 
attains its greatest density towards 40® F., freezes at 32®, and boils under 
the pressure of the atmosphere at 212®. It evaporates at all temperatures, 
one cubic inch at 62® F. weighs 252*45 grains. It is 815 times heavier than 
air; an imperial gallon weighs 70,000 grains, or 10 lbs. avoirdupois. To all 
ordinary observation, water is incompressible; very accurate experiments ha've 
nevertheless shown, that it does yield to a small extent when the power em*- 
ployed is very great ; the diminution of volume for each atmosphere of pres- 
sure being about 51 millionths of the whole. 

Steam, or vapor of water in its state of greatest density at 212®, compared 
with air at the same temperature, anid possessing an equal elastic force, has 
a specific gravity expressed by the fraction *625. In this condition it may be 
represented as containing in every two volumes, two volumes of hydrogen 
and one volimie of oxygen. 

Water seldom or never occurs in nature in a state of perfect jpurity ; even 
the rain which &Us in the open country contains a trace of ammoniacal salt, 
while rivers and iprings are invariably contaminated to a greater or less 
extent with soluble matters, saline and organic. Simple filtration through a 
porous stone or a bed of sand will separate suspended imparities, but (£stiUa- 
tion alone will free the liquid fVom those that are dissolved. In the prepara- 
tion of distilled water, whioh is an article of large consumption in the s(»entifie 
laboratory, it is proper to reject- the first portions which pass over, and to 
avoid carrying the distillation to dryness; the process may be conducted in a 
metal still furnished with a worm or condenseir of silver or tin ; lead must not 
be used. 

The ocean is the great recipient of the saline mattw carried down by tiie 
rivers which drain the land ; hence the vast accumulation of salts. The fol- 

• Ann. Chim. et Phys., xv. p. 398. ^ 

t Ann. Chim. et Phys., 3d Series, viii. p. 18B. 
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lowing table will serve tb convey an idea of the^ ordinary composition of sea« 
water ; the analysis is by Br. Schwedtx^^ of Brighton, the water being that 
of the Channel >^- 

1000 grains contained 
Water 

Chloride of sodium - 
Chloride of potassimn 
Chloride of magnesium 
Bromide of magnesium 
Sulphate of magnesia 
Sulphatd of lime 
Carbonate of lime 



- 1000- 

Its specific gravity wa3 foimd«to be 1*0274 at 60°. 

Sea-w^ter is liable to variations of density and composition *by the influence 
of local causes, suck as the proxinii^ of large rivers or masses of melting 
ice, and other Circumstances, 

Natural springs are often impregnated to a great extent with soluble sub* 
stances derived from the rocks they traverse j such are the various mineral 
waters scattered over the whole earth, and to which medicinal virtues are 
attributed. Some of these hold protoxide of iron in solution, and are effer- 
vescent from carbonic fu^ gas; others are alkaline, probably from traversing 
Tocka of volcanic origin ; some contain a very notaUe quantity of iodine or 
bromine. Their temperatures also aie as Tariable as their chemical nature. 
A tijbular notice of some of the most remarkable of these waiters will be 
found in the Appendix. 

Water enters into direct combination with other bodies, forming a class of 
compounds called hydrates; the action is often very energetic, much heat 
being evolved, as in the case of the slaking of lime, which is really the pro* 
duction of a hydrate of that base. Sometimes the attraction between the 
water and the second body is so great that the compound is not decomposable 
by any heat that can be applied; the hydrates of potash and soda,, and of 
phosphdric acid furnish examples. Oil of vitriol is a hydrate of sulphuric 
acid, from which the water cannot be thus separated. 

Water very frequently combines with saline substances in a less intimate 
nKuinei than tiiat above described, constituting what is called water of crys- 
tallization, from its connection wl^ the geopietrical figure of the salt In 
this case it is easily driven 6S by the application of heat 

Xastly, the solvent properties of water far exceed those of any other liquid 
known. Among salts, a very largis, proportion are soluble to a greater or less 
ext«it, the solubility usually increasing with the temperature, so that a hoi 
saturated solution deposits crystals on cooling. There are a few exceptions 
to this law, one of the most remarkable of which is common salt, the solu- 
bility of which is nearly the same at all temperatures. 

Water disscdves gases, but in very unequal quantities; some, as hydrogen, 
oxygen, and atmospheric air^ are but little .acted upon; others, as ammonia 
and hydrochloric acid, are absorbed to an enormous extent; and between these 
extremes there are various intermediate degrees. Grenerally, the colder the 
water, the more gas does it dissolve; a boiling heat disengages the whole, if 
the gas be not very soluble. 

When water is heated in a strong vessel to a temperature above that pf the 

•Phil. Mag., July, 1830. 
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ordinairy boiling point, its solvent powers are still further increased. Dr. 
Turner enclosed in the upper part of a high-pressure steam-boiler worked at 
300® F., pieces of plate and crown glass. At the expiration of four months 
the glass was found completely corroded by the action of the water; what 
remained was a white niass of silica, destitute of alkali, while stalactites of 
siliceous matter, above an inch in length, depended iVom the little wire cage 
which enclosed the glass. This experiment tends to illustrate the changes 
which may be produced by the action of water at a high temperature in the 
interior of the earth upon felspathic and other rocks. Something of the sort 
is manifest in the Geyser springs of Iceland) which deposit siliceous sinter.* 
Peroxidi of hydrogen^ sometimes called oxygenated waUr^ is an exceedingly 
interesting substance, but unfortunately very difficult of preparation. It is 
focmed by dissolving the peroxide of barium ih dilute hydrochloric acid, care- 
fully cooled by ice, and then precipitating llie barytes by sulphuric acid; the 
excess of oxygen of the peroxide, instead of being dis^igaged as gas, unites 
with a portion of the water and converts it into peroxide of hydrogen. The 
peroxide of barium itself is prepared by exposing pure baryta contained in a 
red-hot porcelain tube to a stream of oxygen. The solution of peroxide of 
hydrogen may be concentrated under the air-pump receiver^ until it acquires 
the specific gravity of 1*45. In this state it presents the aspect of a color- 
less, transparent, inodorous liquid, possessing remarkable bleaching powers. 
It is very prone to decomposition ; the least elevation of temperature causes 
effervescence due to the escape of oxygen gas; near 212® it Is decomposed 
with explosive violence. Peroxide of hydrogen contains exactly twice as 
much oxygen as water, or 16 parts to 1 part of hydrogen. 

viTHoeKir. 

Nitrogenf constitutes idxmt fths of the atmosphere, and enters into a great 
variety of combinations. It may be prepared for the^purpose of experiment 
by several methods. One of the simplest of these is to burn out the oxygen 
from a confined portion of air by phosphorus, or by a jet of hydrogen. 

A small porcelain capsule is floated on the water of 
the pneumatic trough, and a piece of phosphorus 
placed in it and set on fire. A bell-jmr is then invert- 
ed over the whole and sufiered to rest on the shelf of 
this trough, so as to project a little ovw its edge. At 
first, the heat causes expansion of the air of the jar, 
and few bubbles are expelled, after which the level of 
the water rises considerably. MTlien the phosphorus 
becomes extinguished by exhaustion of the oxygen, 
and time has been given for the subsidence of the 
cloud of finely-divided, snow-like^ phosphoric add, 
which fioats in the residual gas, the nitrogen may be 
decanted into other vessels and its properties ex- 
amined. 

Prepared by the foregoing process., nitrogen is oonta- 
ihinated by a little vapor of phospiborus which com- 
municates its peculiar odor. A preferable method, is to fill a porcelain tube 
with turnings of copper, or, still better, with the spongy metal obtained by 
reducing the oxide by hydrogen; to heat this tube to redness, and then pass 
through it a stream of atmospheric air, the oxygen of which is entirely 
removed during its progress by the heated copper. 

•Phil. Mag., Oct 1834. 

t <. #. Generator of nitr« ; tlso called aiote, ftora «, priyatiye, and {^m, life. 
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If chlorine gas be passed into solution of. ammonia, the latter substnAce, 
which is a compound of nitrogen with hydrogen, is decomposed; the chlorine 
ccHnbines with the hydrogen, and the nitrogen is set free with effervescence. 
In this manner very pure nitrogen am be obtained. In making this experi- 
ment it is necessary to stop short of saturating or decomposing the whole of 
the ammonia, otherwise there will be great risk of accident from the forma- 
tion of an exceedingly dangerous explosive compound formed by the contact 
of chlorine with an ammoniacal salt. 

Nitrogen is destitute of color, taste, and smell; it is a little lighter than air, 
its density being, according to Dumas, '972. 100 cubic inches, at 60®, and 30 
inches barometer, will therefore weigh.dd*14 grains. Nitrogen is incapable of 
sustaining combustion or animal existence, although, like hydrogen, it has no 
positive poisonous properties ; neither is it soluble to any notable eiptent in 
wat^, or in caustic alkali; it is in ikct best characterized by negative {uroper- 
ties. 

The exact composition of the atmosphere has repeatedly been made the 
subject of experimental research. Besides nitrogen and oxygen, the air cou' 
tains a little carbonic aeid, a very variable pn^wrtion of aqueous V&por, a trace 
of ammonia, and perko^t a little oarburetted hydrogen. The oxygen and ni- 
trogen are in a state of mixture, not of combination, yet their ratio is always 
uniform. Air has been brought from the summits of Mont Blanc and Chim- 
borazo^ and from the plains of Egypt; it has been brought firom an elevation 
of 21,000 feet by the aid of a balloon; it has been collected and examined in 
London knd Paris, and many Other districts: still the proportions of oxygen 
and nitrogen remain unaltered ; the difiusive energy of the gases being ade- 
quate to maintain this perfect uniformity of mixture. The carbonic acid, on 
the contrary, being much influenced by local causes, varies considerably. In 
the following table the proportions of oxygen and nitrogen are givein on the 
authority of M. I)umas, and ihe carbonic acid on that of De Saiisaure ; the am- 
monia, the discovery of which is due to Liebig, is too small in quantity for 
direct estimation. 

Conqtosition of the Atmoqfhere. 

By weight. Bymeasare. 

Nitrogen . ., . . 77 parts. 79-10 

Oxygen .... 23 20-81 ' 



100 100 

Carbonic acid, from 3*7 measures to 6*2 measures, in 10,000 measures of 

the air. 
Aqueous vapor variable, depending much upon the temperature. . 
Alnmoni^^ a trace. 
100 cubic inches of pure and dry air, weigb, according to Dr. Prout, 31*01 17 

grains; the temperature being 60® F. and the barometer standing at 30 

inches. 

The analysis of air is best effected by passing it over finely-divided copper 
oontained in a tube of hard glass, carefully weighed, and then heated to red- 
ness; the nitrogen is suffered to flow into an exhausted glass globe, also pre- 
-viously weighed. The increase of weight afler the experiment gives the in- 
formation sought. 

An easier, but less accurate method, consists in introducing into a graduated 
tube, standing over water, a known quantity of the air to be examined, and 
then xmssing into the latter a stick of phosphorus affixed to the end of a wire, 
(fig. 89.) The wholeis left about 24 hours, during which the oxygen is slowly 




but completelr B^Morbed, oftet which the pho^horui it 
withdrawn tad Am reddual gu lead otL 

Another plan is m mix the ui with hydiogea and peas 
BB electric ipuk; ailet eiplcskn the volume of gu is read, 
off ami complied with that of the aii emploTed. . Siuse 
the BaBlfsii of ^imoub bodies b; eipknim is an opeiation 
of great impDnanoe in piacliflal dieiiiiBttjr, it may be worfli 
while describing the process in detail, as it is appLicaUe, 
with certain obvious vaiialioii*, to a number of analogous 

The most ocmveQient Ibim of appsiatus for the puipoaa 
y the siphon audiomelei of Di. Ure; (Bg. 90.) This oon- 
eists of a Btout glass tube, having an internal diameter of 
about one-third of an inch, closed at one end, and bent into 
the form represented in' the drawing. Two pieces of pla- 
liDiini wire meked into the gttiss near the closed extremitf, 
serva u give passage to the spark. The closed limb is 
cotefuU; graduated. When required for nse, the inatrDment 
is QUed with meicurf and inverted into a vessel of the same 
fluid. A qnantitr of the air to be ezamiBed is then intro- 
duced, the manipulatien being preciaaly the same as with 
fur. 60. eipeiinienis ovei water; the i^>en end is stopped with a 
finger, and the air ttaosferred to the closed eitreoiitf . 
The iDstnxment is next held iq»i^t, and after tha 
level of the meroory has bean made eqoal on both^ 
ndes by displaeing a potion fntrn the open limb by 
thcuetiDg down a piece of stick, the volume of ait la 
lead o&l This done, ihe open part of the tube is again 
filled up with ai«cuiy, closed with the finger, in verted 
into the Uquid metal, and aqnantiijof puiebfdiogen 
introduced, equal as nearly as can be guessed to about 
half the volume of the air. The eudiometer is once 
more brought into an erect position, the level of Ihe 
mercDiy equalized, and the volume again read off; Ihe 
tguanlity of hydrogen added is thaa accurately ascer- 
tained. All is now ready for Ihe explosion; theinsliu- 
moit is held ia the way represented, Ihe open end 
being firmly closed by the thumb, while the knncklo 
of the Ibre-finger touches the nearer platinum wire ; 
the sparli is then passed by the aid of a charged jar or 
a good electiophoruH, and explosion ensues. The air 
confined bytbe thumb in the open part of the tube ads as a iqiring and modo- 
rates the explosive efiect. Nothing now remains but to equalize the level of 
the mercury by pouring a liltle more into the inslnunent, and then, to read off 
file volume for the Ittst time. 

What is required to be known fiom this experiment is the dimiiiutKHi the 
i«ixtnre suffers by explosion; tbt rince the hydrogen is in exeees, and since 
Ihat substance nniles with oxygen in the proportion l^ measBte of two to one, 
one-third part of that dimiiiution must be due to the oxygen contained in the 
air intmdDC«d. As the amount of the latter is known, the praportion of oxy- 
gen it oontains thus admits of determiiuition. The case supposed will rendsr 



Air intiodiiced 100 measures. 

Air and hydrogen 150 

. Volume after explosion .... 87 

• 

Dimiliutioa . • . . . . . 63 

63 

~» = 21'^ ox/gen in die himdred measures. 

. The working pupU will do well to acquire dexterity in the use of this 
valuable, instrument, by practising the transference of gas or liquid from the 
one limb to the other, &c In the analy^ of cdmbustible gases by explosion 
with oxygen, solution of caustic potash is oiten required to be introduced into 
the closed part 

Conqfonndt of NUrogm cmd Oseygen, 

There are not less than five distinct compounds of nitrogen and oxygen, 
thus named and constituted. 

Gompositlon bjr Weight. 

Nitrogen. Oxygen. 

I^toxide of nitrogen* . . ^ . . 14*06 8 

I)eutoxide, or Hnoxide of nitrogent * 14*06 ' • 16 
Hyponitrous aad j: .... 14*06 24 

Nitrous acid§ 14*06 82 

. Nitiieaoid ... . . . 14*06 40 

Nitric of jSzoHc acid. — ^In certain parts of India, and also in other hot dry 
climates where rain is rare, the surface of the soil is occasionally covered by 
a saline efflorescence, like that sometiines apparent on newly-plastered walls ; 
this substance collected, dissolved in hot water, the solution filtered and made 
to crystallize, furnishes the highly important salt known in oonomerce as nitre 
or saltpetre; it is a compound of nitric acid and potash. To obtain liquid > 
nitric acid, equal Weights of powdered nitre and oil of vitriol are introduced 
into a glass retort, an4 heat applied by means of an Argand gas-lamp <x 
charcoal chauffer. A fiask, cooled by a wet cloth, is adapted to the retcxt, to 
serve for a receiver. No luting of any kind must be used. 

As the distillation advances, the red JTumes which first arise disappear, but 
towards the end of the process again become manifest When this happens, 
and very little liquid passes over, while the greater part of the saline matter 
of the retort is in a state of tranquil fusion, the operation may be stopped; and 
when the retort is quite cold, water may be introduced to dissolve out the bi- 
sn^hate of potash. The reaction is thus explained. 

j^. 5 Nitric acid T.;qi«H nitric aicid. 

^^^^ > Potash 




Oil of vitriol ^ s^jph^rieacid ^"^^""'"^ Hsolphate of potash. 

Liquid nitric acid so obtained has a specific graviQr of about 1*5; it ha* a 
golden yellow color, which is due to nitrous or hyponitrous acid held in solu- 
tion, the pure acid being colorless. It is exceedingly corrosive, and stains the 

* Otherwise called nitrous oxide. 

t Otherwise called nitric oxide. • 

i Called by Mr. Graham nitrons acid. .^ < . . .^j «« tiie text 

i Called by Mr. Graham peroxldeof nitTo«sn.-The nomenclatore adopted in we w*» 

is' that employed in Dr. Turner's very valuable treatise. 
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skin yellow. It boils at aboat 187^ Fahrenheit Poured upon red-hot pow- 
dered charcoal, it causes brilliant combustion ; and when. added to a little warm 
oil of turpentine, acts upon that substance with sudi energy as to set it-on fire. 
Many of the metals are attacked by nitric add with great riolence, if a little 
water be added, the very strong, add seen^ng to have little power in this 
respect Organic substances, also, as starch or sugar, decompose nitric acid, 
and cause the evolution of abundance- of red vapor. 

Acid of the density of 1*5 to 1*52 is the strongest that can be obtained; it 
&en consists of 54*06 parts real acid, and 9 parts water, being a definite com- 
pound.* The acid itself, in its absolute form, is unknown; it is an hypothe- 
tical substance. On adding difierent proportions of water to the strong liquid 
acid above described, one or two other definite combinations of acid and water 
appear to be generated, remarkable fbr the differences obsetved in their boil- 
ing and freezing points. ^ 

Nitric acid forms with bases a very extensive and important group of salts, 
the nitrates, which are remarkable for being all soluble in water. The h^-drated 
acid is of great use in the laboratory, and also in many branches of industry. 

The acid prepared in the way described is apt to contain traces of chlorine 
from common salt in. the nitre, and sometimes of sulphate fron^ accidental 
splashing of the pasty mass in the retort To discover these impiirities, a 
portion is diluted with four or five times its bulk of distilled water, and divided 
between two glasses. Solution of nitrate of silver is dropped into the one, and 
solution of nitrate of barytesinto the other; if no change ensue in either case, 
the acid is free from the impurities mentioned. ^ 

Nitric acid has been formed in small quantity by a very curious process , 
namely, by passing a series of electric sparks throu^ a portion of air; water, 
or an alkaliAe solution being present. The amount of add so formed after 
many hours is very minute; still it is not impossible that powerful discharges 
of atmospheric electridty may ^sometimes occasion a trifling production of nitric 
acid in die air. 

Nitric add is not so easily detected in solution in small quantities as many 
other acids. Owing to the solubility of all its compounds, no precipitant can 
be found for this substance. One of the best tests is its power of bleaching a 
solution of indigo in sulphuric acid when boiled with that liquid. The absence 
of dilorine must be ensured in this experiment, by means which will hereafter 
be obvious, otherwise the result is equivocal. 

Protoxide ofmJtrogm; Nitrout oxide; (laughing gas.) — When solid nitrate of 
anmionia is heated in a retort or flask,t (fig. 91,) furnished with a perforated 
cork and bent tube, it is resolved into water and nitrous oxide. The nature of 
the decomposition will be understood from the subjoined diagram. 



Nitrate of 

Ammonia 

80*19 



Nitric acid 
64*06 

Ammonia 

1706 
Water 

D 



Nitrogen 
Oxygen 
Oxygen 
Oxygen 
( Nitrogen 
I Hydrogen 




Frotox. nitrogen 38-06 



Protox. nitrogen 92-06 
Water 87 

-Water 



* According to Uro^s table, and also to Mr. Phillip's, nitric acid of the specific gravity 
of 1*5 it composed of 54 anhydrons acid and 135 water; but according to Mitscherlich, 
when of 1*581 it contains parts of water. Strong nitnc attracts moisture from the air 
and diminishes in density. Its density is also altered by ebullition; a eoncentrated aeid, 
by losing more acid than watery yapor, becomes less dense, until its specific pavit^ is 
1*43. while a weak acid loses water until it aconires the density of 1*42, when it distils, 
unchanged, at the temperature of 2480 F.~R.'B..^ 

• t Floronoe oiUflasks, which may be purchased for a very trifling sum, constitute 
exceedingly useflil vessels for chemical purposes, and often supersede retorts, or other 
expensive apparatus. They are rendered still more valuable' by catting thto neck 
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No particular precauticHi is required in tfae.opera- J^*^^ 91. 

tk>n, save due regulation of the heat, and the avoid- 
ance of tumultuous disengagement of the gas. 

Protoxide of nitrogen is a colorless, transparent, 
and almost inodorous gas, of distinotly sweet taste. 
Its specific gravity is 1*525; 100 cubic inches weigh 
47*29 grains. It supports the combustion of a taper 
or a piece of phosphorus with almost as much ener- 
gy as pure oxygen; it is easily disdnguished, how- 
ever, from that gas by its solubility in cold water, 
which dissolves nearly its own volume; hence it is 
necessary to use tepid water in the pneumatic trough 
or gas-holder, otherwise great Ipss of gas will ensue. 
Nitrous oxide has been liquefied,'but with difficulty; 
it requires, at 45^ Fahrenheit, a pressure of 50 at- 
mospheres.* When mixed with an equal volume of 
hydrogen, and fired by the electric spark in the eudi- 
ometer, it explodes with violence, and liberates its 
own measure, of liitrogen. Every two volumes of 
the gas must consequently contain two volumes of 

nitrogen, and one volume of oxygen, the whole being condensed or oontracted 
one-third; a constitution resembling that of vapor of water. 

The most remarkable feature in this gas is its intoxicating power upon the 
animal system. It may be respired, if quite pure, or merely mixed with 
atmospheric air, for a short time without danger or inconvenience. The efiect 
is very transient, and is ndt followed by depression. 

Detdoxide or binosdde of mtrogen.-^4^iip]pmgs or turnings of copper are put 
into xhe apparatus employed for prepariiig hydrogen,t together with a little 
water, and nitric acid added by the funnel until brisk effervescence is excited. 
The gas may be collected over cold water, as it is not sensibly soluble. 

The reaction is a simple deoxidation of some of the nitric acid by the cop- 
per; the metal is oxidized, and the .oxide iso.fonxied is dissolved by another 
portion of the acid. Nitric acid is Y&y prone to act thus upon certain pietals. 

Thd gas obtained in this manner is colorless and transparent; -in ccHitaet with 
air oi* oxygen gas it produces deep red fumes which are readily absorbed by 
water ; this character is sufficient to distinguish it from all other gaseous bodies. 
A l^hted taper plunged into the gas is extinguished ; lighted phosphorus, hpw- 
ever,. burns in it with great brilhancy^ 

The specific gravity of deutoxide of nitrogen is 1*039; 100 cubic inches 
weigh 32*22 grains. . It contains equal measures of oxygen and nitrogen gases 
united without condensation. When this gas is passed into a solutioti of pro- 
toxide of iron it is absorbed in large quantity, and a deep brown or nearly 
black liquid produced, which seems to be a definite compound of the two 
substances. The compound is again decomposed liy boiling. 

Hyponiirout acid. — ^Four measured of deutoxide of nitrogen are mixed with 
one measure of oxygen, and the gases, perfectly dry, exposed to a temperature 
of 0^ Fah. They condense to a thin mobile liquid, which at that degree of 

smoothly rbund with a hot iron, softening it in the flame of a good Argand gas-lamp, 
and then turning over the edge so as to form a lip, or border., The neck will then bear a 
tight fitting cork without risk of splitting. 

* Protoxide of nitrogen has been solidified by M. I. Natterrer of Vienna (Joam. d'Erd- 
mann. Mars, 1^), and by Faraday. According to the latter the temperature required 
is 1480 p., by wHich it is converted into a colorless crystalline solid.— R. B. 

t Seep. 03. 

t M. Natterrer, it is stated, has also liqnefied and solidified the deutoxide of nitrogen, 
but by a pressure of 50 atknospheres and the temperature of 1669 F., Faraday was UA* 
able to produce any signs of hquefaction.— >R. B. 
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cold is colorless, but b^omes green at the ordinary temperature of the air. 
Its vapor is orange red. ' 

Hyponitrous acid is decomposed by water, being converted into nitric acid 
and binoxide of nitrogen. For this reason, it cannot be made to unite directly 
with metallic oxides; hyponitrite of lead may, however, be prepared bgr 
digesting metallic lead in a solutjon of the nitrate, and many other salts by 
indirect means. ^ 

NUrout acuL — ^Theterm acid applied to this substance is hardly correct smoe 
it does not seem to possess the power of forming salts; the expression has 
notwithstanding been long sanctioned by use. It is the vapor of nitrous acid 
which forms the deep red fumes always produced 'when l^noxide of nitrogen 
escapes into the air. 

When care^y dried nitrate of lead is exposed to heat in a retort of hard 
glass, it is decomposed; oxide of lead remains behind, while the acid is resolved 
into a mixture of oxygen and nitrous acid. By surrounding the recover with 
a very powerful freezing mixture, the latter is condensed to the liquid Ibrm; 
It is then nearly colorless, but acquires a yellow, and ultimately a red tint, as 
the temperature rises. At 82° it boils, giving off its well-known red vapor, 
the intensity of the color of which is greatly aujgmented by elevation Of tem* 
perature. 

This subslance, like the preceding, is decomposed by water, being resolved 
into deutoxide of nitrogen and nitric acid. Its vap<Mr is absorbed by strong nitrio 
add, which thereby acquires a yellow or red tint, passing into green, then into 
blue, and afterwards disappearing altogether, on the addition of snccessivQ 
poirtions of water. The deep red fuming acid of commerce called witroUs acid, 
is simply nitric acid impregnated with nitrous gas.* 

CABBOjr. 

This substance occurs in a state of purity, and crystallized, in two distinct 
and very dissimilar forms, namely as diamond, and as graphite or plumbago. 
It constitutes a large proportion of all organic structures, animal and vegetable : 
when these latter are exposed to destructiye distillation in close vessels, a 
great part of this carbon remains, associated with the earthy and alkaline 
matter of the tissue, giving rise to the many varieties of charcoal, coke, &c. 

The diamond is one of the most remarkable substances known; long prized 
on account of its brilliancy as an ornamental gem, the discovery of its curious 
chemical nature confers upon it a high degree of scientific interest. Several 
localities in India, the Island of Borneo, and more especially Brazil, furnish 
this beautiful substance. It is always distinctly crystallized, oflen quite trans- 
parent and colorless, but now, and then having a shade of yellow, pink, or blue. 
The origin and true geological position of the. diamond are unknown; it is 
always found imbedded in gravel and transported materials whose history 
cannot be ttaced. The crystalling form of the diamond is that of the regular 

■ ' '' . ' 

Fig, 92, 
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If Much doabt yet hangs over the trae nature and relationg of these two acidB.*-See 
a Memoir by N. Pelouze, Ann. Chim. et Phys. 3d Series^ ii. p. 5a 
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octahediDo or cube, or sonie figure geometrically ccwinectod with these; many 
of the octahedral ciystals exhibit a very peculiar appearatice, arising fiom the 
faces being curved or rounded, which gives to the crystal an almost spherical 
figure. 

The diamond isinfusible and inalterable by a very intense heat, provided 
air be excluded; heated to ordinary redness in a vessel of oxygen, it bums 
with facility, jdelding carbonic acid gas. 

This is the hardest substance known ; it admits of being split or cleaved 
without difficulty in certain particular directions, but can only be cut or 
abraded by a second portion d the same material ; the powder rubbed ofi* in 
this, process serves for polishing the new faces, and is also hi^y useful to 
the lapidary and seal-engraver. . One very curious and useful application of 
the diamond is made by the glazier; ajretgrnent of this mineral, like a bit of 
fiint or any other hard substance, scratches the surface of glass ; a crfttal of 
diamond having the rounded octahedral figure spoken of, held in one particu- 
lar position on Uie glass, namely, with an edge formed by the meeting of two 
adjacent j&ces presented to the surface, and then drawn along with gentle 
pressure, causes a deep split or cut, which penetrates to a consideraUe depth 
into the glass ai^d determines its fracture with perfect certainty. 

Graphite or plumbago, appears to consist essentially of pure carbon, although 
most specimens cont^ iron, the quantity of which varies from a mere trace, 
up to five per cent Graphite is a somewhat rare mineral ; the finest, and 
most valuable for pexicils, is brought frbm Borrowdale, in Cumberland, where 
a kind of irregular vein is found traversing 4he ancient slate becls of that dis- 
trict Crystals are not common; when they occur, they have the figure of a 
short six-sided prism; — a forni bearing no geometric relation to that of the 
diamond. 

Graphite is oflen formed artificially in certain metallurgit) operations; the 
brilliant scales which sonletimes separate from melted cast-iron on cooling, 
called by the workmen "kish," consist of graphite. 

Lamp-black, the soot produced by the itnperfect combustion of oil or resin, 
is the bei^t example that can be given of pure carbon in its uncrystallized or 
amorphous state. To the same class belong the difierent kinds of charcoal. 
That prepared from wood, either hy distillation in a large iron retort, or by 
the smothered combustion of a pile of fagotd partially covered with earth, is 
^e most valuable as fuel. Coke, the charcoal of pit-coal, is much more im- 
pure; it contains a laxge quantity of earthy matter, and veaty often sulphur; 
the quality depending very much upon the mode of preparation. Charcoal 
»om bones arid animal matters in general, is a very valuable substance on 
account of the extraordinary power it possesses of removing coloring matters 
from organic solutibns; it is us^d for this purpose by the sugar-refiners to a 
very great extent, and also by the manu&cturing and scientific chemist 
Tho property in question is ..possessed by all lands of charcoal in a smaU 
degree. 

Charcoal made from box, or other dense wood, has the property of con- 
densing into its pores gases cmd vapors; of ammoniacal gas it is said to 
absorb no less than 90 times its volume, while of hydrogen it takes up less 
than twice its owa bulk, the quantity being appaxently connected with the 
property in the gas of sucSering liquefaction. This effect, as well as that of 
the decolorizing power, ho doubt depends in some way upon the same pecu- 
liar action of surface so remarkaUe in the case of platinum in a mixture of 
oxygen and hydrogen.* 

* Carbon is a combiutible uniting with oxygen and producing carbonic acid. Its 
different forms exhibit much difference in this respect ; in the very porous condition of 
charcoal it buras readily, while in lu most dense form, the diamond, it requises a bright 



Compoimib of Carbon and Oxygtn- 
There aie two direct compounds of carbon and oxygen, called carbonic 
oxide and OBibonio acid; theii oompoeition ma; be Ihua elsted: — 

Compoiillon by weighi. 

Cubon. OiygBO. 

Oitbonic oxide .... 6 8 

Carbdnic acid 6 IS 

Carbomc acid it always produced when cbarco^ baija in air or oxygea 
gaa; it is most conveniently obtained, however, Ibr study by decomposing a 
carbonate with one of the stronger acids. For this purpose, the apparams 
for generating hydrogen may again bo employed j fragmenU of inaiUe aie 
put into the bottle with enough water to cover the extremity of the funnel- 
tube, uid hydrochkiiio ot nitric acid added by the latter, nntii the gag is freely 
disengaged. Cbalk-powder, and dilute sulphuric acid may be used instead. 
The gas may be collected over water, although with some loss ; or veiy con- 
veniently, by displacement, if it be required dry, as shown in the figure. Hie 
long drying tube is filled with fragments of chloride of calcium, and the heary 
gas is conducted to the bottom of the vessel in which it is to be received, the 
mouth of the latter being li^dy closed.* 

J^. 83. . " 



Carbonic acid gas is colorless; it has an agreotble pungent taste and odo^ 
but cannot be ragpired tor a moment wibout insensibUity following. Its 
specific gravity is l'S24,t 100 cubic inches weighing il-2(} grains. 

nA h«at ud pnrp oxygvo gftfl. In Uis foim of chucoa] it condncts beat slovly and 

elcciiicliy readily. Curbon is in»lDblB in wmci uid not liable id be affacicd by ait. 

and nuiilDn. ll retard! potrefticiion.— R. B. 

* In conoDetingiabesppariuiu for conveyiDf gases or i?old liquids, not cornuiTe,livila 

tabes or cooulchouc. abonl sn inch long, are it- 

Fit. 84. •xpratAI* hkIM. ThBHaiemadebybcodinga 

^ pieceirf>liHiIndia.nibberk>MelyroundK glui 

Inbe or rod. aod cauiag off Ihe (DperBuous por- 

lioDwiihsbarpseiHora. Tha fresh cut ad^iof 

the eiooiehoue. pressed siniBKly logeiber. cohere 

oompletely, ud iha tobe is perfect, pro* ided ihey 

ban not been soiled by uucbingwitb the finger*. 

The eonneciers are Kcnred by tvoor three lumi 

or thin lilk cord. The gkass inbes are sold by 

weight, and are euily Mnt in ibe flame of a 
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This gas is very burtfl4 to aoimal life, even when largely diluted with air; 
it acts as a narcotic poison. Hence the danger arising from imperfect yen- 
tilatio% the use of iire-plaoes and stoves of all kinds unprovided with proper 
chimneys, and the crowding together of many individuals in houses and ships 
without efficient means for Tenewing. the air. Carbonic acid is sometimes 
emitted in lai^e quantity from the earth In volcanic districts, and it is con- 
stantly generated where organic matter is in the act of undergoing fermentive 
decomposition. The fatal *' after-damp'' of the coal-mines contains a large 
proportion of carbonic acid. 

A lighted taper plunged into carbonic acid is instantly extinguished, even 
to the red-hot snuff. When diluted with three tinaes its volume of air, it still 
has the power of extinguishing a light The gas is easily knowti fiom nitro> 
gen, which is also incapable of supporting combustion, by its rapid absorption 
by caustic alkali, or by lime wttter; the turbidity communicated to the latter 
from the production of insoluble carbonate of lime is very charaoteristia 

Cold water dissolves about its own illume, of carbonic acid, whatever be 
the density of the gas with which it is in contact; the solution temporarily 
reddens litmus paper. In ccxnmon soda-water, and also in effervescent wines, 
examples may be seen of this solubility of the gas. . 

Some of the interesting phenomena attending the lique&ction of carbonic 
acid have been already described; it requires for the purpose a pressure of 
between 27 and 28 atmospheres at 32^, according to Mr. Addams. The 
liquefied acid is colorless and limpid, lighter than water, and four times more 
expansible than air ; it mixes .in all proportions with ether, alcohol, naphtha, 
oil of turpentine, and bisulphuret of carbon, and is insoluble in water and 
&t oils.* It is probably destimte when in this condition of all properties of an 
aciAf 

Carbonic acid exists, as already mentioned^ in the air; relatively, its quaiv* 
tity is but small, but absolutely, taking into account the vast extent of the 
atmosphere, it is rery great, and fully adequate to the purpose for which it is 
designed, namely, to supply to plants their carbon, these latter having the 
power by the aid of their green leaves, of decomposing carbonic acid, retain- 
ing the carbon, and expelling the oxygen. The presence of light is essential 
to this extraordinary effect, but of the manner of its execution we are yet 
ignorant 

The carbonates form a very large and important group of salts, some of 
which occur in nature in great quantities, as, the carbonates of lime and 
magnesia. 

CarbQfUc oxide. — ^When carbonic acid is passed over red-hot charcoal or 
metallic iron, one-half of its oxygen is removed, and it becomes converted into 
carbonic oxide. A very good method of preparing this gas is to introduce 
into a flask fitted with a bent tube some crystallized oxalic acid, or salt of 
sorrel, and pour upon it five or six times as much strong oil of vitriol. On 
heating the mixture the organic acid is resolved into water, carbonic acid and 
carbonic oxide ; by passing the ^es through a strong solution of caustic 
potash, the first is withdrawn by absorption, while the second remains un- 
changed. Another, and it may be preferable method, is to heat finely-pow- 
dered yellow ferrocyanide of potassium with eight or ten times its weight of 
concentrated suiphuri9 acid. The salt is entirely decomiTOsed, yielding a 

* Graham, Blements, p. 305. i 

t When relieved of pressure it immediately boils, and seven parts out of eight Ss- 
smne the gaseous state, the rest becoming solid at 9fP F. (Mitchell). Solid carbonic 
acid mixed with ether produces in vacuo a very intense cold (1650 F. Faraday) citable 
of solidifying many gases when aided by pressure. Liquid carbonic acid immersed in this 
mixture, becomes a solid so clear and transparent,' that its condition cannot be detected 
until a portion again becomes liquid.~R. B. 
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moat copious supply of perfectly pme cerbcmic' (Side gas, which rnxf be col- 
lated ovei WBter in Ihe usobI nlonner.* 

Qufaoma oxide is a combiistibla g^ ; it boms with a batotiAil puis blue 
flame, generating carbonic add. It has nevw been liqueSed. It is color- 
less, has very Utile odoar, and is eltremdj' pfHKmOiU, even worse than car- 
bonic acid. Mixed widi oij^len, it eiplodee bjr the electric ^mb, but wilh 
soma difflimlljr. lu speciBc graTi^ is '973; 100 cubic inches weigh 30-21 

The relation by.voliiineof thssa oxide* or carbon maylhm be made ititein- 
gible : — caTbonic acid contains its own volume, <rf' oxygen, that gas suffering 
no change of bulk by its conveiMon. One moasura of carbonic oxide mixed 
with bBlf a measure of oiy^n end ex{doded, yields one measure a! carbonic 
add ; hence catbooio oxide Contains half its Tolimte of oxygen. 

Carbonic oxide nrateB with chlorine under the influence of ll^t, (brming a 
pungent, suSbcatiag compound, possestdng acid properties, called phoagene 
gas, or chIon>carbonic acid. It is meite by mixing equal volumes of car' 
bonic oxide and chlorine, both perfectly dry, and exposing the mixture to sun- 
shine { the gases unite quietly, the color disappears, and the Ttduma becomes 
reduced to one-halfl It is deqomposed bf water. 



This ia an elementary body ot great importanoe and interest. Sulphur is 
often fbund in a free state in connection with deposits of gypsum and rock- 
solt; its occurrence in Tolcanio districti ia probably accidental. Sicily fur- 
nishes a large proportion of ibe sulphur employed in Europe. In a state of 
oombination with iron and other metals, and as snlphulic oeid, nailed to lime 
and magnesia, it ia alao abundant 

Pure sulphur is a peje yellow brittle solid, of well known appearance. Its 
specific gravity is 1-98; it melts when heated, and distils over unaltered, if 
air be excluded. The crystals of aalphur exhibit two distinct and incompatible 
forms, namely, an octahedron with rhombic base, which ia the figure assumed 
when sulphur separates fVom Solution at common temperatures, and a length- 

il'tg. S5. Fig. 98. 



ened prism, having no relation to the preceding; ihia happens when a mass 
of sulphur is melted, and after partial cooling, the crust at Ihe surface bmken, 
and the fluid portion poured out Fig. 96 shows the result of such an eiperi- 

Sulpbnr melts at S33' fahrenhatj at this temperature it is of the color of 
amber, and thin and fiuid as water, when further heated, it begins to thicken, 
and to acquire a de^er c<doi; and between 430° and 480° It is so tenacious 
that the Teasel in which it is contained may be inverted for a moment with- 
<ait the , loss of its content*. From the temperature last mentioned to the 
boiling point, about 600°, it again becomes Ihiuner. In the preparatioa of 

■ See a painr by the oatbor in Hemcira al Chem. Soe. of London, 1. p. m. 
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oommensiB] flowers of sulphur the^ vapor is conducted into a large cold 
chamber, where it condenses in minute crystals. The specific gravity of sul- 
phnr vapor is 6*654. 

Sulphur is insoluble in water and alcohol; oil of turpentine and the fat oils 
dissolve it, but the best substance for the purpose is bisulphuret of carbon. 
In its chemical rdations, sidphur bears great resemblance to oxygen ; to very 
many oxides there are corresponding sulphurets, and these sulphurets often 
unite among themselves, forming crystallizable compounds analogous to salts. 

Comptmndi of Sidpkur and Oxygen. 

Composition by weighL 

Sulphurous acid 

Sulphuric acid* . . . 

Hyposulphurous acid 

Hyposulphuric acid 

Sulphuretted-hyposulphuric acid 
Bisulphuretted-hyposulphuricacidf . 

Su^hurouB acid. — ^This is the only product of the combustion of sulphur in 
dry air or oxygen gas. It is most conveniently prepared by heating oil of 
vitriol with metallic mercury or copper clippings; a portion of the acid is 
decomposed, one-third of its oxygen being transferred to the metal, while the 
sulphuric acid becomes sulphurous. Sulphurous add thus obtained is a color- 
less^jBs, having the peculiar sufiscating odour of burning brimstone ; it instantly 
extinguishes flame; and is quite irrespirable: Its density is 2*21, 100 cubic 
inches ^^eighing 68*69 grains. At 0^ F. under the pressure of the atmosphere, 
this gas condenses to a colorless, limpid liquid, very expansible by heat4! Cold 
water dissolves more than thirty times its volume of sulphurous acid. The 
solution may be kept unchanged so long as air is excluded, but access of oxy- 
gen gradually converts the sulphurous into sulphuric acid, in the presence of 
water although the dry gases may remain in contact for any length of time 
without change. 

One volume of sulphurous acid gas contains one volume of oxygen and ^th 
of a volume of sulphur vapor, condensed into one volume. 

Gases which, like the present, are freely soluble in water, must be collected 
by displacement, or by the use of die mercurial pneumatic trough. The man- 
ipulation with the latter is exactly the same in principle as with the ordinary 
vrater-trough, but rather more troublesome, from the great density of the mer- 
cury, and its opacity. The w-hole apparatus is on a much smaller scale, j The 

* The terminations ous and te, applied to acids, signify degrees of oxydation, the latter 
being the highest; acids ending in ous form salts the names of which are made to end in 
tie, and those in ie tenninate in ate, as sulphurous acid, sulphite of so^a; sulphuric acid, 
ftfipjkateof soda. 

t The more advanced student will be clad to see these stated in equivalents by the 
nse of symbols, hereafter to be explained, their relations becoming thereby much more 
erident The numbers given are really the equivalent numbers^ but are mtended only 
to show the proportions of sulphur and oxygen, without any reference to other bodies., 
The following are the quantities required to saturate one equivalent of a base :— 

Sulphurous acid ..... 80« 



Sulphuric acid 
Hyposulphurous acid 
Hyposulphuric acid 
Sulphuretted hyposulphuric acid 
Bisnlphuretted-hyposulphuric acid 



SO. 

s,o, 

S.O. 
S4O. 



t Liquid sulphurous acid freezes at lOflO p. into a colorless transparent solid (Fara- 
day). The £as itseif when moist is rendered solid by cold, a hydrate being formed 
containing aboat SO per cent, of water — R. B. 
8 
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trough is best constructed of htad, ^und wood, and so contrived as to econo- 
mize as much as possible the expensive fluid it is to contain. 

Sulphurous acid has bleaching properties; it is used in the arts for bleaching 
woollen goods and straw*plait A piece of blue litmus paper plunged into the 
moist gas is first reddened and then slowly bleached* 

The salts of sulphurous acid are not of much importance; 0iose of the alkalis 
are soluble and crystallizable; they are easily formed by direct combination. 
Sulphites of baryta, strontia, and lime are insohible in water, but soluble in 
hydrochloric acid. The strong acids decompose them; nitric acid converts 
them into sulphates. 

SuHphuric add. — ^Hydrated sulphuric acid has been known since the fi/leenth 
century. There are two distinct processes by which it is at i^e present time 
prepared, namely, by the distillation of green sulphate of iron, and by .the ox- 
idation of sulphurous acid by nitrous add. 

The first process is still carried on at Nordhausen in Saxony; the sulphate 
of iron, derived from the oxidation of iron pyrites, is deprived by heat of the 
greater part of its water of crystallization, and subjected to a high red heat in 
earthen retorts, to which receivers, are fitted as soon as the acid begins to distil 
over. A part gets decomposed by the very high ten^erature ; the remainder 
is driven off in vapor, which is condensed by the cold vessels. The product 
is a brown oily liquid, of about 1*9 specific gravity, fuming in the air, and very 
obrrosive. It is chiefly made for the purpose of dissolving indigo. 

The second method, which is perhaps, with the single exception mentioned, 
always followed a^ the more economical, depends upon the ffact that when 
sulphurous acid, nitrous acid, and water are present in certain proportions, the 
sulphurous acid becomes oxidized at the expense of the nitrous acid, which by 
the loss of one-half of its oxygen sinks to the condition 6f deutoxide of nitrogen. 
The operation is thus conducted: — A large and very long chamber is built of 
sheet-lead supported by timber framing; on the outside at one extremity a 
small furnace or oven is constructed, having a wide tube leading into the 
chamber. In this sulphur is kept burning, the flame of which heats a cracible 
containing a mixture of nitre and oil of vitriol. A shallow stratum of water 
occupies the floor of the chamber, and sometimes a jet of steakn is also intro- 
duced. Lastly, an exit is provided at the remote end of the chamber fbr th^ 
spent and useless gases. The effect ot these arrangements is to cause a con- 
stant supply of sulphurous acid, atmospheric air, nitric acid vapor, and water 
in the state of steam, to be thrown into the chamber, there to mix and react 
upon each other. The nitric acid immediately gives up a part of its oxygen 
to the sulphurous acid, becoming nitrous; it does not remain in this state, how- 
ever, but sufiers further de-oxidation until it becomes reduced to deutoxide of 
nitrogen. That substance in contact with free oxygen, absorbs & portion of the 
latter, and once more becomes nitrous acid, which is again destined to undergo 
de-oxidation by a firesh quantity of sulphurous acid. A very small portion of 
nitrous acid, mixed with atmospheric air and sulphurous acid, may thus in 
time convert an indefinite amount of the latter into sulphuric acid, by acting 
as a kind of carrier between the oxygen of the air and the sulphurous acid. 
The presence of water is essential to this reaction: — 

We may thus represent tlie change. 

Nitrous add S ^"°*''° "■'^ --^ Deutoxide of nitrogen 3006 

Sulphurous acid ( Sulphur 
64-18 ^ i Oxygen 
Water . . . 18 '^ Hydrated sulphuric acid 98-18 

* It does not bleach by destroying the coloring matter, but by fbrming with it a color- 
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Soch is the simplest view that can be taken of the productioii of sulphuric 
acid in the leaden chamber, but it is too much to affirm that it is strictly true; 
it may be more complex. When a little water is put at the bottom of a large 
glass globe ao as to maintain a certain degree of humidity in the air within, 
and sulphurous and nitrous acids are introduced by separate tubes, symptoms 
of chemical action become immediately evident, and afler a little time, a white 
crystalline matter is oY>served to condense on the sides of the vessel. This 
substance a^^ears to be a compound of sulphuric acid, hyponitrous acid and a 
little water.* When thrown into water, it is resolved into sulphuric acid, deu- 
toxide of nitrogen, and nitric acid. This curious body is certainly very often 
produoed in large quantity in the leaden chambers, but that its production is 
indispensable to the success of the process, and constant when the operation 
goes on well and the nitrous acid is not in excess, may perhaps admit of doubt 

The water at the bottom of the chamber thus becomes loaded with sulphuric 
acid ; when a certain degree of strength has been reached, it is drawn off and 
ooncentrated by evaporation, first in leaden pans, and afterwards in stills of 
platinum, until it attains a density (when cold) of 1'84, or thereabouts ; it is 
then transferred to carboys, or laige glass bottles fitted in baskets, for sale. 
In Great Britain this manufacture is one of great national importance, and is 
carried on to a vast extent An inferior kind of acid is now made by burn- 
ing iron pyrites, or poor copper ore, as a substitute for Sicilian sulphur; this is 
ehiefly used by the makers for their own consumption j it very frequently 
contains arsenic. 

The most concentrated sulphuric acid, or oil of vUridl^ as it is often called, 
is a definite combination of 40'09 parts real acid, and 9 parts water. It is a 
colorless, oily liquid, having a specific gravity of about 1*85, of intensely acid 
taste and reaction. Organic matter is rapidly charred and destroyed by this 
substance. At tlie temperature of — 15^, it freezes, and 620^, it boils, and 
may be distilled without decomposition. Oil of vitriol has a most energetic 
attraction for water ; it withdraws aqueous vapors from the air, and when 
diluted, great heat is evolved, so that the mixture always requires to be made 
with caution. Oil of vitriol is not the only hydrate of sulphuric acid ; three 
others are known to exist When the fuming oil of vitriol of Nordhausen is 
exposed to a low temperature, a white crystaline substance separates, which 
is a hydrate containing half as much, water as the oonmion liquid acid. Then 
again, a mixture of 49 parts strong liquid acid, and 9 parts water, congeals 
or crystallizes at a temperature above 32^, and remains solid even at 45^. 
Xfistly, when a very dilute acid is concentrated by evaporation in vacuo over 
surface of oil of vitriol, the evaix>ration stops when the real acid and water 
bear to each other the proportion of 4O09 to 27. 

When good Nordhausen oil of vitriol is exposed in a retort to a gentle heat 
and a receiver cooled by a freezing mixture fitted to it, a volatile substance 
distils over in great abundance, which condenses into beautiful, white, silky, 

lesR combination, hence the color is restored on neatralizing the talphurous acid by an 
alkali.— R. B. 

* M. GauUier de Claubry assigned to thi» curious nubstance the oooiLpoaition expressed 
by the formula 4HO, 2NO, -{-5SO,. and this view has generally been received by recent 
chemical writers. M. de la Provostaye has since shown that a compound, possessing 
all the essential properties of the body in question may be formed by bringing together, 
in a sealed glass tube, liauid sulphurous acid and liquid nitrous acid, both free from 
water. The white crystalline solid soon begins to form, and at the expiration of twenty- 
six hours the reaction appears complete The new prodact is accompanied by an ex- 
ceedingly volati le greenish liquid, having the characters of hy ponitroua acid. The white 
sabstaiice,on analysis, was found to contain the elements of two equivalents of su1i>huric 
acid and one of hyponitrous acid, or NO,-J-2SO,. M. do la Provostaye very ingeniously 
explains ihe anomalies in tbe difierent analyses of the leaden chamber product, oy show- 
ing that the pure substance forms crysiallizable combinations with different proporuons 
oniquid sulphuric acid. (Ann. Chim. et Phys., Ixxiil. p. 303.) 
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crystals resembling those of asbestos ; this bears the liame of anhydrous sul- 
phuric add. When put into water it hisses like a hot iron, from the violence' 
with whi^ combination occurs; exposed to the air even for a few moments, 
it liquefies by absorpt,ion of moisture, forming common Iiqtiid sulphuric acid. 
It forms an exceedingly curious compound with dry ammoniacal gas, quite ' 
distinct from ordinary sulphate of ammonia, and which, indeed, possesses none 
of the characters of a sulphate. It is doubtful whether this interesting sub* 
stance is to be looked upon as identical with the acid of the sulphates; the 
latter may perhaps be, like nitric acid and a great number of others, incapable 
of existing in a separate state. 

Sulphuric acid, in all soluble states of combination, may be detected with 
the greatest ease by solution of nitrate o{ barytes, or chloride of barium. A 
white precipitate is produced whidi does not dissolve in nitric acid. 

Hypotufyhurous acid. — By. digesting sulphur with a solution of sulphite of 
potash or soda, a portion of that substance is dissolved, and the liquid, by 
slow evaporation, furnishes crystals of the new salt Th6 acid cannot be 
isolated; when hydrodiloric add is added to a tolution of a hyposulphite, the 
acid of the latter is instantly resolved into sulphur, which precipitates, and 
into sulphurous acid, easily recognised bv its odor. The most remarkable 
feature of the alkaline h3rposulphites, is their property of dissollring certain 
insoluble salts of silver, as the chloride ; — a property which has lately con- 
ferred upon them a considerable share of importance in relation to the art of 
photogenic drawipg. 

Hypondpkuric aJad, — ^This is prepared by suspending finely divided per- 
oxide of manganese in water artificially cooled, and then transmitting a 
stream of sulphurous add gas ; the peroxide becomes protoxide, half its oxy-' 
gen converting the sulphurous acid into hyposulphuric. The hyposulphate of 
manganese thus prepared, is decomposed by a solution of pure hydrate of 
barytes, and the barytic salt, in turn, by enough sulphuric acid to precipitate 
the base. The solution of hyposulphuric acid may be concentrated by evapo- 
ration in vacuo, until it acquires a density of 1*347; pushed further, it de- 
composes into sulphuric and sulphurous acids. It has no odor, is very sour, 
and forms soluble salts with baryta, lime, and oxide of lead. 

SuJphureUed'hypoguJpkuric add. — ^A substance accidentally formed by M. 
Langlois,* in the preparation of hyposulphite of potash, by gently heating 
with sulphur, a solution of carbonate of potash, previously samrated with sul- 
phurous acid. The salts bear a great resemblance to those of hypodulphurous 
acid, but difier completely in composition, while the acid itself is not quite so 
prone to change 

Bindphuretted-hypomlpkuric acid. — This was discovered by MM. Fordos 
aild Grelis.t When iodine is added to a solution of hyposulphite of soda, a 
large quantity of that substance is dissolved, and a clear colorless solution 
obtained, which, besides iodide of sodium, contains a salt of a peculiar acid, 
richer in sulphur than the preceding. By suitable means, the new substance 
can be eliminated, and obtained in a state of sohition. It very closely resem- 
bles hyposulphuric acid. 



Sulphurous acid unites, under peculiar circumstances, with chlorine, and 
also with iodine, forming compounds, which have been called chloro and iodo* 
sulphuric acids. They are decomposed by water. It also combines with dry 
ammoniacal gas, giving rise to a remarkable compound, and with nitric oxide 
also, in presence of an alkali. 



* Ann. Chim. et Phys., 3d series, iv. p. 77. 
t lb., vi. p. 454. 
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This is a veiy rare substance, much resembling sulphur in its cheniical re- 
lations, and found in association with that element in some few localities, or 
replacing it in certain metallic combinations, as in the seleniuret of lead of 
Clausthal in the Hartz. 

Selenium is a reddish-brown solid body, somewhat translucent, and having 
an imperfect metallic lustre. Its specific gravity is 4*3. At 312^, or a little 
above, it melts, and;at 650^ boils. It is insoluble in water, and exhales, when 
heated in the air, a peculiar and disagreeable odor, which has been compared 
lb that of decaying horse-radish.' There are three oxides of selenium, two of 
which correspond respectively fO sulphttrous and sulphuric aoids, while the 
third has no known analogue in the sulphur series. 

Composition by Weight. 

Selenium. Oxygen. 

Oxide of Selenium 39*57 8 

Selenious acid 39*57 16 

Selenic acid . . *. . . . . 39*57 24 

Oxide. — ^Formed by heating selenium in the air. — It is a colorless gas, slightly 
soluble in water, and ha» the remarkable odor above described. It has no 
. acid properties. 

Seknious acid, — ^This is obtained by dissolving selenium in nitric acid, and ' 
evaporating to dryness. It is a white, soluble, deliquescent substance, of dis- 
tinct acid properties, and may be sublimed without decomposition. I^phur- 
. ous acid decomposes it, precipitating the selenium. 

Selenic add. — Prepared by fusing nitrate of potash .or soda, with selj^nium, 
.precipitating the seleniate so produced by^ salt of lead, and then decomposing 
the compound by sulphuretted hydrogen. The hydrated add strongly resem- 
bles oil of vitriol ; but,'when very much concentrated, decomposes Hy the ap- 
plication of heat, into selenious acid and oxygen. The seleniates bear the 
closest analogy to the sulphates in every particular. 

rH08PHOBV8.> 

Phosphorus in the state of phosphoric acid, is contained in the anpient un- 
stratified rocks, and in the lavas of modem origin. * 'As these disintegrate, 
- and crumble down into fertile soil, the phosphates pass into ihe orj^ism of 
plants, and ultimately into the bodies of the animals to which these latter 
serve for food. The earthy phosphates play a very importaint past in the struc- 
ture of the animal frame by communicating stifihess and inflexibility U> the 
bony skeleton. 

This element was discovered in 1669, by Brandt of Hambi^rg^ who prepared 
it from urine. The following is an outline of tl^ process now adopted. 
Thoroughly calcined bones are reduced to powder^ and mixed witfa,.n9rothirds 
. of their weight of sulphuric acid, diluted with a consideTa:ble quantity of 
water ; this mixture, after standing some hours, is filtered, and th^ nearly in- 
soluble sulphate of lime washed. . The liquid is then evaporated to a syrupy 
consistence, mixed with charcoal powder, and the desiccation completed in 
an iron vessel, exposed to a high temperature. When quite dry, it is trans- 
ferred to a stone- ware retort, to which a wide, bent tube is luted, dipping a 
little wayin^othe water contained in the receiver. A narrow tube serves to 
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Fig. 97, givB iBSue to the gases, which are cooTe/ed to a 

cbimney. This manufeotiue is now conduoled on 

a very great scale, th« ci>iiBmnption of phosphorus 

fcir the apparently trifling article of itutantaneous 

' light matches, being something pradigiciua. 

Phosphorus, ^vben pure, very much resetnbles 
in appearaius, imperfectly bleached WBX, and is 
soft and fieiible at common tempeiaturei. Its 
density is 1'77, and that of its vapor 4'3S, air be- 
ing unity. At 108° il melts, and at 550° boils. 
It is insoluble in water, and is usuatly hept im- 
mersed in that liquid, but dissolves in oils and in 
native naphtha. When set on fire in the aii, it 
boms with a bright Same, generating phosphodo 
acid. Phosphorus is eioeedingiy inflammable; 
it sometimes takes fire by the heat of (he bEmd 
artd demands great cara in its management j a 
Uow or hard ruh will very often kindle it. A 
stick of pfaosphoruB held in the air always appeaTS lo emit a whitish smoke, 
which in the dark is luminous. This eflact is due to a slow combustion 
which the phosphorus undergoes bj An oxygen of the air, and upon it de- 
pends one of the methods employed tbr the analysis of the atmosphere, aa 
already ^escribed. -It is singular that the slow oxidation of phosphorus may 
be entirely prevented by the presence of a small qi^antjty of oleflant gas, ot 
the vapor of ether, or some essential oil; it may even be distilled in an at- 
mosphere containing vapor of oil of turpentine in considerable quantity. 
Neither does the action go on in pure oxygen, al , least at the teroperature of 
60^, which is very remarkable, but if the gas be rarefied, or diluted with ni- 
trogen, hydrogen, or carbonic add, oxidation is set up, 

Compiiwtdi of phoiphona and oxygm. — These are four in niunber, and havo 
the composition below indicated. 



PboBphorDs. Oxygen. 

Oxide of phosphorus 6S'76 8 

Hypophoq>hoious add 31'38 8 

PhospboTOOs aoid 3138 24 

Phoaphorjo acid' 31-38 40 

Oxidt of pkMpSuiu, — When phosphorus is melted beneath the mrbce of 

hot water, and a stream of oxygen gas tbrced upon it Aom a bladder, combus- 
tion ensues, and die fhosphorus is converted in great pert into a brick-red 
powder, which is the substance in question in a very impure state. 

A better method is to introduce into a huge wido^iecked flsslt, a quantity 
of phosphorus cut into smal! pieces, with enough chloride of phosphorus to 
cover il, and leave the whole exposed to the air for tweotyfom hours. Phos- 
phoric acid and rwide of phosphorus are slowly formed, aad enter into a kind 
of oomtHnadon. The excess of chloride being decanted, the solid matter is 
detached ttom the flask and put mto water, in which the compotmd dissolve*. 
By heating this solution to 176° it is decomposed, and the oxide predpitaM* 



■ Id symbals— Drldfl of photphon 
HypopboiphQEOiu I 
Phoipliorous Boid 



1 of pboipboru, 31-38, 
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in the state of hydrate, which may be collected on a filter, and dried over oil 
of vitriol. 

The pure oxide is a red or yellow powder, according to its state of division. 
It is decomposed by heat into phosphorus and phosphoric acid.* 

Hypophotphorous add. — ^When phosphuret of barium is put into water, that 
liquid is decomposed, giving rise to phosphuretted hydrogen, phosphoric acid, 
hyj)ophosphorous acid, and baryta; the first escapes as gas, and the two acids 
remain in union with the baryta. By filtration the soluble hypophosphite is 
separated from the insoltible phosphate. On adding to the liquid the quantity 
of sulphuric acid necessary to precipitate the base, the hypophosphorous acid 
is obtained in solution. By evaporation it may be reduced to a syrupy con- 
sistence. 

The acid is a powerfiil de-oxidizing agent All its salts are soluble in 
water. ■ 

Phoaphoimu acid. — ^Phosphorous acid is formed by the slow combustion of 
phosphorus in the atmosphere ; or by burning that substance by means of a 
very limited supply of air, in which case it is anhydrous, and presents the 
aspect of a white powder. Thehydmted acid is more convetiiently prepared 
by adding water to the chloride of phosphorus, when mutual decomposition 
takes place, the oxygen of the water being transferred to the phosphorus, 
generating phosphorous acid, and its hydrogen to the chlorine, giving rise to 
hydrochloric acid. By evaporating the solution to the consistence of syrup, 
the hydrochloric acid is expelled, and the residue on cooling crystalizes. 

Hydrated phosphorous acid is very deliquescent, and very prone to attract 
oxygen and pass into phosphoric acid^ When heated in a close vessel, it is 
resolved into hydrated phosphoric acid and pure phosphuretted hydrogen gas. 
It is composed of 55*38 parts real add and 27 parts water.f 

The phosphites are of little importance. 

Phosphoric acid. — ^When phosphorus is burned under a bell-jar by the aid 
of a copious supply of dry air, snow-like anhydrous phosphoric acid is pro- 
duced in great quantity. This substance exhibits as much attraction for water 
as anhydrous sulphuric acid ; exposed to the air for a few moments, it deli- 
quesces to a liquid, and when thrown into water, combines with the latter 
with explosive violence. Once in the state of hydrate, the water cannot again 
be separated. 

When nitric acid of moderate strength is heated in a retort to which a 
receiver is connected, and fragments of phosphorus added singly, taking care 
to suffer the violence of the action to subside between each addition, the phos- 
phorus is oxidized to its maximum and converted into phosphoric acid. By 
distilling off thp greater part of the acid, transferring the residue in the retort 
to a platinum vessel, and then cautiously raising the heat to redness, the hy- 
drated acid may be obtained pure. This as the glacial pho$phoric add of the 
Pharmacopoeia. 

A third method consists in taking the acid phosphate of lime produced by 
the action of sulphjoric add on bone-earth, precipitating it with a slight excess 
of carbonate of a^nmonia, separating by a filter the insoluble lime salt, and 
then evaporating and igniting in a platinum vessel the mixed phosphate and 
sulphate of ammonia. Hydrated phosphoric acid alone remains behind. It 
is exceedingly deliquescent, and requires to be kept in a closely stopped bottl6. 
The glacial add contains 71*38 parts real add and 9 parts water. 

Phosphoric acid is a powerful acid ; its solution has an intensely sour taste, 
and reddens litmus paper ; it is not poisonous. 

There are few bodies that present a greater degree of interest to the che- 

* Leverrier, Ann. Cbim. et Phys., Ixv. p. 257. 
tOr,3HO+FO.. 
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miat than thi^ substance ; the extraordmary changes ltd compounds undergo 
hy the action of heat, chiefly made known to us by the admirable researches 
of Mr. Graham, will be found described in connection with the general history 
of saline compounds. 
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Fig. 98. 



This substance is a member of a small natural 
group containing besides^ iodine, bromine, and fluorine. 
So great a degree of resemblance exists between these 
bodies in all their ch^nical relations, that the history 
of one will almost serve, with a few little alterations, 
ibr that of the rest. . 

Chlorine* is a very abundant substance; in common 
salt it exists in combination with podium. It is most 
easily prepared by pouring strong liquid hydrochloric 
acid upon finely-powdered black oxide of manganese, 
contained in a retort or flask, and appl3ring a gentle 
heat ; a heavy ye^ow gas is disengaged, which is the 
substance in question. 

It may be' collected over warm water, or by dis- 
placement — the. mercurial trough cannot be employed, 
as the chlorine riipidly acts upon the metal, and be- 
comes absorbed. 

The reactioa- is very easily explained. Hydrochlo- 
ric acid, is a compound of chlorine and hydrogen ; 
whetn ftiis is mi^^ ^ith a metallic protoxide, double 
interchange of elements takes place, water and chlo- 
ride of the metal being produced. But when a per- 
oxidtf tx>ntaining twiqe as much oxygen as the prot- 
oxide, is substituted, an additicmal effect ensues, 
namely, the deo^nposition of a second portion of hy- 
dipchloric acid by the oxygen in excess, the hydrogen of which is withdrawn 
and the chiorime set free. 




Hydrochloric J Chlorine- 
acid ( Hydrogen 



maiigwese ^Oxy^ 

Hydrochloric i Chlorine 
acid i Hydiogen 





■Chlorine. 
Water. 

Chloride of manganese. 



Water. 



Chlorine was discovered in 1774, by Scheele, but itd nature was long mis- 
understood. It is a yellow gaseous body, of intolerably suffi^cating propertied, 
producing very violent cough and irritation when inhaled to an exceedingly 
small extent It is somewhat soluble in water, that liquid absorbing at 60® 
about twice its volume, and acquiring the color and odor of the gas. When 
this solution is exposed to light, it is slowly changed by decomposition of 
water into hydrochloric acid, the oxygen being at the sanie time liberated. 
When moist chlorine gas is exposed to a cold of 32®, yellow crystals are 
formed, which consist of a definite compound of chlorine and water, contain- 
ing 36*4 parts of the former to 90 of the latter. 

Chlorine has a specific gravity of 2*47, 100 cubic inches weighing 76*6 

* From X^^^ yellowif h-green, the naqie given to it by Sir H. Davy. 
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giains. . Exposed to a pressure of about four atmospheres, it ooodenses to a 
yellow limpid liquid. 

This substance has but little attraction for oxygen, its chemical energies 
being principally exerted towards hydrogen and, the metals. When a lighted 
taper is plunged into the gas, it continues to bum with a dull red light, and 
emits a large quantity of smoke, the hydrogen of the wax being alone con- 
sumed, and the carb6n separated. If a piece of paper be wetted with oil of 
turpentine and thrust into a bottle filled with chlorine, the chemical action of 
the latter upon the hydrogen is so violent as to cause inflammation, accom- 
panied by a copious deposit of soot Although chlorine can, by indirect 
means, be made to cranbine with carbon, yet this never occurs under the 
circumstances described. 

Phosphorus takes fire spontaneously in chlorine ; it bums with a pale and 
feebly luminous flame. Several of the metals, as copper leaf, powdered anti- 
mony and arsenic, undergo combustion in the same manner. A mixture of 
equal measures chlorine and hydrogen explodes with violence on the passage 
of an electric spark, or on the application of a lighted taper, hydrochloric acid 
gas being formed. Such a mixture may be retained in the dark for any 
length of time without change ; exposed to dififuse day-light, the two gases 
slowly unite, while the direct rays of the sun induce instantaneous explosion. 

The most characteristic property of chlorine is its bleaching power; the 
most stable organic coloring principles are instantly decomposed and destroyed 
by this remarkable agent; indigo, for example, which resists the action of 
strong (nl of vitriol, is converted by chlorine into a brownish substance, ix> 
which the blue color cannot be restored. The presence of water is essential 
to these changes, for the gas in a state of perfect dryness is incapable even of 
aflfecting litmus. 

Chlorine is largely used in the arts for bleaching linen and cotton goods, 
rags for the manufacture of paper. &c. For these purposes, it is sometimes 
employed in the state of gas, sometimes in that of solution in water, but more 
frequently in combination with lime, forming the substeuice called bleaching- 
powder. When required in large quantities, it is usually made by pouring 
slightly diluted oil of vitriol upon a mixture of common salt and oxide of 
manganese contained in a large leaden vesseL The decomposition which 
ensues may be thus represented :— 

Chloride of J Chlorine -^ . — -Xhlorine. 

sodium i Sodium , 

Sulphuric acid"" ^^ ^^^^" Sulphate of soda. 

n A r C Oxygen 

Peroxide of Spjotoxide ) 

manganese ^n^anganesej ^^....^^^^^ <Slhateof 

Sulphuric acid . : ^ ^ ! nSiSga^. 

Chlorine is one of the best and- most potent substances that can be used for 
the purpose of disinfection, but its employment requires care. Bleaching- 
powder mixed with water and exposed to the air in shidlow vessels, becomes 
slowly decomposed by the carbonic acid of the atmosphere, and the chlorine 
evolved; if a mor^ rapid disengagement be wished, a little acid of any kind 
may be added. In the absence of bleaching-powder, either of the methods 
for the production of the gas described may be had recoujrse to, alwajrs taking 
care to av(»d an excess. 

Chloride of hydrogen; kydrochhriCf dUorohydrk^ or mmiatie aeid, — This 
substance, in a state of solution in water, has been k>ng known. The gas is 
prepared with the utmost ease by heating in a flask, fitted with a cork and 



ISC (mLORIM^. 

bent tube, n miitnre of common salt and ml at vitiiol, diluled with a Bmall 
(juanlity of water; it must be cbUecled by itisplacemenl, or over meicuiy. It 
is a colgrlesa gas, which fumes iBoagty in the aii from condeusiDg die 
atmospheric moisture ; it has an HCid, suQbcating odor, but is iufinildy 
less offenaive than chtoiiiie. Exposed to a ptessuie of 40 atmospheres, it 
liquefies. 

Hydrochloric acid gas has a density of 1*269. It ia exceedingly soluble in 
waler, that liquid taking up al the tempeiature of the air about 418 times its 
bulb. The gas and solution are powerfuUy acid. 

The action of oil of vitriol on oommon salt, or any anajogous subslaiice, is 
thus easily explained : — 

Chloride sodium j ^?^« ^^..^ Hydrochloric acid. 

Water . . { Kf"^ 

Sulphuidc acid ^^ i "hIlI pf soda. 

The composition of this substanoe may be determined by synthesis; when 
a measure of chlorine and a raeasore of hydrogen are Bred by the eloeaio 
spark, two measures of hydrochloric acid gas result, the combination being 
unattended by change of volume. Sy weight, it contains 3S'41 parts chlorine 
and I part hydrogen. 

Solution of hyiirochlorio add, the liquid acid of commerce, is a very im- 
porlaot preparation, and of eilensive use in chemical pursuits] it is best 
prepared by the Ibllowing arrangement: — 

A large glass flask, contdliiing a quantiif of common salt, ie fitted with ft 

Fig. 99. 
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cork axid bent tube, ia the manner lepresented ; &e latter panes through and 
below a second short tube into a wide-necked bottle, containing a little water, 
into which the open tube dips. A bent, tube, adapted to another hole in the 
cork of the wash-bottle, serves to convey the purified gas into a quantity of 
distilled water, by which it is instantly absorbed. The jointtl are mode air- 
tight by melting over the corks a little yellow wax. ^ 

Oil .of vitriol, about equal in weight to the salt, is then slowly introduced 
by the iniiiiel ; the disengaged gas is at first wholly absorbed by the water in 
the waah-bottle, but when this becomes saturated, it passes into the second 
vessel and there dissolves. When all the acid has been added, heat, may be 
applied to the Qask by a charcoal chauffer, until its contents appear nearly 
dry, and the evolution of gas almost ceases, When the process may be stopped. 
As much heat is given out during the eondensation of the gas, it is necessary 
to suEraund the oondensing-vetssel with cold water. 

The simple, wash bottle .figured in the drawing will be ibund an exceed* 
iDgly useful )Contrivance in a great number of chemical operations. It serves 
in the present, and in many similar cases, to retain any liquid or solid matter 
mechanically carried over with the gas, and it may be always employed when 
gas of any kind is to be passed through an alkaline or other solution. 
The open tube dipping into the liquid prevents the possibility of Fig. 100. 
absorption, by which a partial vacuum would be occasioned and the 
liquid of the second vessel lost by being driven into the first 

The arrangement by which the acid is introduced also deserves a 
moment's notice. The tube is bent twice upon itself, and a bulb 
blown in one portion. Liquid poured into the funnel rises upon the 
opposite side of the first bend until' it reaches the second; it then 
flows over and runs into the flask. Any quantity can th^i be got 
into. the latter without the introduction of air, and without the 
escape of gas irom the interior. The funnel acts also as a kind of 
safety-valve, and in both directions, for if by any chance the delivery- 
tube should be stopped and the issue of gas prevented, its increased 
elastic £)rce soon drives the little column of liquid out of the tube, 
die gas escapes, and the vessel is saved. On the other hand, any 
absorption within is quickly compensated by the entrance of air 
through the liquid in the bulb. The plan employed on the great 
scale by the manufacturer is the same in principle as that described; 
he merely substitutes a large iron cylinder for the flask, and vessels 
of stone-ware £>r those of the glass. 

Pure solution of hydrochloric acid is transparent and colorless; when 
strong, it fumes in the air by disengaging a little gas. It leaves no residue 
on evaporation, and ^ves np precipitate or milkiness with solution of chloride 
of barium. When satumted with i3^e gas, it has a specific gravity of 1*21, 
and contains about 42 per cei^t of real acid. The commercial acid has 
usually a yellow color and is very impure, containing salts, sulphuric acid, 
chloride of iron, and organic matter. It may be rendered sufficiently good 
for most purposes by diluting it to the densi^ of 1*1, which happens when 
the strong acid is mixed with its own bulk or rather less of water, and then 
distilling it in a retort furnished With a Idebig's condenser. 

A mixture of nitric and hydrochloric acids has long been known under tlie 
Bame of aqua rfgiOy from its property of dissolving gold. When these two 
subetanees are heatcfd together, they both undergo decomposition, nitrous aoid 
and chlorine being evolved; it is the chlorine which attacks the metal. 

The presence of hydrochloric acid, or any other soluble chloride, is easily 
detected by solution of nitrate of silver. A white oordy precdpitate is pxQ- 
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duped, insoluble in mtrio acid, freely soluble in ammonia, and subject to 
blacken by exposure to light. 

Compownds of Chhtine and Oxygen. 

Although these bodies never combine directly, they may be made, to unite 
by ciicuitous means in fi)ur different proportions, as b^low:^-. 

Compoution by weight. 

Hypochlorous acid . . 
Chlorous acid .... 
Chloric acid ... 
Hyperchloric acid* 

Bypochhroua add, — Produced* by the action of }:hlorine gas upon red oxide 
of meicury. It is a pale yellow gaseous body, containing in every two mea- 
sures, two measures of chlorine and one of oxygen. It is very freely soluUe 
in water, and explodes, although with no great violence, by slight elevation 
of temperature. The odor of this gas somewhat resembles that of chlorine. 
It bleaches powerfully, and acts upon certain of the metals in a manner which 
is determined by their respective attractions for oxygen and chlorine. It 
forms with the alkaltes a series of bleaching salts. 

The reaction by which hypochlorous acid, is produced may thus be illus- 
trated: — 

Chlorine — ^^_^^^^^ m Hypochlorous acid. 

Oxide of ( Mercury •^-^a^.^r--'-'*'^ 

Mercury \ Oxygen .-r^^"*'^ — --«-^^ m,^ m c \it 

C[x\xii\jii^ — Chlonde of Mercury. 

The chloride of mercury, however, does not remain as such; it combines 
with another portion of the oxide, when the latter is in excess, forming a 
peculiar brown compound, an oxychloride of mercnry.f 

Chhrom add; peroxide of chhrime. — Chlorate of potash is made into a 
paste with sulphuric acid, previously diluted with half its weight of water 
and cooled; this is introduced into a small glass retort, and very cautiously 
heated by warm water; a deep yelldw gas is evolved, which is the body in 
question; it may be collected over mercury. 

Peroxide of chlorine has a powerful odor, quite different from that of 
, chlorine itself. It is exceedingly explosive, being resolved with violence into 
its elements by a temperature short of the boiling point of water. It is com* 
posed by measure of two volumes (jhlorine and four volumes oxygen, con- 
densed into four volumes. It may be liquefied by pressure. Water dissolves 
this gas pretty freely, and die solution bleaches. It is said to form salts with 
the alkalies. > 

* Hypochlorous aeid . . . . CI O 

Chlorous acid ...... CI O. 

Chloric acid CI O, 

Hyperchloric aeid . . . .' CI Of 

t A very commodious method of preparing hypochlorous aeid has lately been described 
by M. Pelonze. Red oxide of mercury, prepared by precipitation and dried by exposure 
to a strong heat, is introduced into a glass tube, kept cool, and well-washed, dry chlorine 

{^as slowly passed over it. ChJoride of mercury and hypochlorous acid are formed : the 
atter is collected by displacement. When the flask or bottle in which the gas is received 
is exposed to artificial col4 by the aid of a mixture of ice and salt, the hypochlorous acid 
condenses to a deep red liquid, slowly soluble in water, and very subject to explosion. 
It is remarkable that the erystaUifu oxide of mercury prepared by calcining the nitrate, 
* or by the direct oxidation of the metal, is scarcely acted uiwn by chloriae under the 
, ciroumstaaces described.— Ann. Chim. et Phys., 3d. Series, vii. p. 179. 
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The production of chloioas acid from chlorate of potash and sulphuric^ add 
depends upon the spontaneous splitting of the chloric acid into chlorous acid 
and hypezchloric acid, which latter remains in union with the potash.* 

When a mlztare of chlorate of potash and sugar is touched with a drop of 
oil of yitriol, it is instantly set on fire ; the chlorous acid disengaged being 
deoomxx>sed'by the combustible substance with such violence as to cause 
inflammation. If crystals of chlorate of potash be 
thrown into a glass of water, a few small fragments 
of phosphorus added, and then oil of yjtriol poured 
down a nl&row funnel reaching to the bottom of the 
glass, the phosphorus will bum beneath the surlace . 
of the water, by th^ assistance of the oxygen of the 
chlorous add disengaged. The liquid at the same 
time becomes yellow, and acquires the odor of that 
gas. 

Chhric aaJ.^-This is &e most important com- 
pound of the series. When chlorine is passed to 
saturation into a moderately strong solution of caustic 
potash, and the liquid conc^itrated by evaporation, 
it furnishes on cooling flat tabular crystals of a color- 
less salt, consisting of potash combined with chloric 
add. The mother liquor contains chloride of potas- 
sium. In this reaction a part of the potash is de- 
composed ; its oxygen combines with one portion of chlorine to form chloric 
add, while the potassium is tiiken up by a second portion of the same sub- 
stance.'l' i 

When solution of caustic baryta is substituted for the potash, a chloi^te of 
that base may be l^ a similar change obtained, and from this the acid itself 
may be prepared Iqr predpitating the baryta by the requisite quantity of sul- 
phuric add. 

By cautious evaporation the acid may be so far concentrated as to assume 
a syrupy consistency; it is then^ very easily decomposed. It sometimes sets 
fire to paper, or other dry organic matter, in consequence of the &dlity with 
which it is de'<n[idized by con^bustible bodies. 

The chlomtes are easily recognized; they give no precipitate when in solu- 
tion with^ nitrate of baryta or silver; they evolve pure oxygen when heated, 
passing thereby into chlprides ; and &ey afford, when treated with sulphuric 
acid, the characteristic explosive yellow gas already described. The dilute 
solution of the add has no bleaching power. 

Hyperchlorie acid, — Professor Penny has shown that when powdered chlo- 
rate of potash is heated with nitric acid, a change of the same description as 
that which happens when sulphuric^ add is used takes place, but with this 
important difference that the chlorine and ox3rgen, instead of being evolved 
in a dangerous state of combination, are emitted in a state of mixture. The 
result of the reaction is a mixture of nitrate of potash and hyperohlorate of 
potash, wfaidi may be readily separated by their difference of solubility. 

By bdling the potash salt with a solution of hydrofluosilicio acid, whidi 
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forms an almost insotoble sah with potash, and then heating the filtered dohi- 
tion with a little silica^ the acid may be .obtained tolerably pure. It maybe 
qoncentrated by evaporation, and even distilled without change. The solu- 
tion fumeS' slightly in the air, and has a ^ecific gravity of 1*65. It is very 
greedy of moistove, and has no bleaching properties. The hypercMorates 
much resemble the chlorates ; they give off oxygen when heated to rediiess. 
The acid is the most stable of the compounds of chlorine and oxygen. . 

lOBimc. 

This remarkable substance which was first noticed in 1812 by M. Conr- 
tois, of Paris, is found in combination with sodium or potassium to a small 
extent in sea-water^ and occasionally in much larger .proportion in that of 
certain mineral springs. It seems to be in some way benefi<aal to nmny ma- 
rine plants, as these latter have-the power of abstracting it from the sumnind- 
ing wiateir, and accumulating it in their tissues. It is from Uiis source that all 
the iodine of commerce is derived. ' 

Kelp, or the half-vitrified ashes of sea-weeds, prepared by the inhabitants 
of the Western Islands, and the northern shores of Scotland and Ireland, is 
treated with Water, and the solution filtered. The liquid is then ceneentrated 
by evaporation uiAil it is reduced to a veiy small volume, the chloride of ao- 
ditHi), carbonate of soda, chloride of potassium and other salts, being removed 
as they soeoesSively crystallize. The dark brown mother-liquor left contains 
very nesurly the whole of the iodide; this is mixed with sulphuric acid and 
peroxide of manganese, and gently heated in a leaden retort, when the iodine 
distils over and condenses in the receiver. The theory of the operation is 
exactly analogous to that of the preparation of chlorine ; it requires in practice, 
however, careful management, otherTpse the impurities present in the solu- 
tion interfere with the general result. 

The manganese is not really essential; the^ iodide of potassium or sodium, 
heated with an excess of sulphuric acid, evolves iodine. It is probable that 
this effect is due to a secondary action between tiie hydriodio acid first pro- 
duced and the residue of the sulphuric add in which both suSat decomposi- 
tion, yi^ding iodine, water, and sulphurous acid. 

Iodine crystallizes in plates or scales of a bluish-black color and imperfect 
metallic lustre, resembling' that of plumtMigo; the crystals are sometimes ver^ 
large and brillianC Its density is 4*948. At 225^ it fuses, and at 347^ boils, 
the vapor having an e^ceeedingly beautiful violet color.* It is slowly vola- 
tile, however, at ootmtion temperaturd, and exhales an odor much resembling 
that of chlorine. The density of the vapor is 8*716. Iodine requires £>r 
solution about 7000 parts of water, which nevertheless acquires a brown 
color; in alcohol it is much more freely soluble. Solutions of hydriodic add 
and the iodides of the alkaline metals also dissolve a large quantity; these 
solutions are not decomposed by water, which is the case with. the alcoholic 
tincture. 

This substance stains the skin, but not permanently; it has a very energetic 
action upon the animal system, and is much wfbd in medicine. 
' One of tiie most chaiacteristic properties of iodine is the production of a 
splendid blue color by contact with the organic principle starch. The iodine 
for this purpose must be free or uncomlHued, and the solution of starch cold. 
It is easy, however, to make the test available for the purpose of recognizing 
the presence of the element in question when a soluble iodide is suspected; 
it is only necessary to add a very small quantity of chlorine-water, when the 
iodine being displaced from combination, becomes capable of acting upon the 
starch. 

• Whenee tht name, from utS^t violet-colored. 
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Hydnodhc acid, — ^The simplest process Fig. 102 

ibr preparing hydiiodic acid gas is to 
introduce into a glass tube, sealed at one 
extremity, a little iodine, then a. small 
quantity of roughly powdered glass moist- 
ened with water, upon this a few little 
fragments of phosphorus, and lastly more 
glass; this brder of iodine, glass, phos- 
phorus, glass, is repeated until the tube 
is half or two-thirds filled. A cork and 
narrow bent tube are then fitted, and 
gentle h^t applied. The gas is r^eived 
over mercury. The experiment depends 
upon the formation of an iodide of phospho- 
rus, and its subsequent decomposition by 
water, hydrated phosphorous acid and 
iodide of hydrogen being produced. The 
glass merely serves to moderate the vio- 
lence of the action of the iodine upon the 
phosphorus. ^ 

Hydriodic acid gas greatly resembles the corresponding chlorine compound ; 
It is colorless, and highly add; it fumes in the air, fmd is very soluble in 
water. Its density is about 4*4. By weight it is composed of 120^6 parts 
iodine and 1 part hydrogen, and by measure, of equal volumes of iodine, vapor 
and hydrogfen united without condensation .♦ 

Solution of hydriodic acid may be prepared by a process much less trouble- 
some than the above. Iodine in fine powder is suspended in water, and a 
str^im of washed sulphuretted hydrogen passed; sulphur is deposited, and the 
iodine converted into hydriodic acid. When the liquid has become colorless, 
it is heated to expel the excess of sulphuretted hydrogen, and filtered. This 
solution cannot long be kept, especially, if it be strong; the oxygen of the air 
gradually decomposes the hydriodic acid, amd iodind is set free, which, dissolv- 
ing in the reniainder, commtinicates to it a brown color. 

Compownd$ of locHm and Oxygen. 
Two only are yet known; they are called iodic and hyperiodic abids. 

Composition by weight. 




Iodic acid 
Hyperiodic acidf 
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Jodk add may be prepared by the distinct oxidation of iodine by nitric 
add of spe6ific^ gravity 1-5; the materials are kept at a boiling temperature 
ibr sevveral hours, or imtil the iodine has disappeared. The solution is then 
cautiously distilled to dryness, and the residue dissolved in water and made 
to crystallize. 

Iodic acid is a very soluUe sub'stance; it crystallizes in colorless, six-sided 
tables, which contaip water. It is decomposed by heat, and its solution readily 
deoxidized by sulphurous acid. The iodates much resemble the chlorates ; 
that of potash is decomposed by heat into iodide of potassium and oxygen gas. 

Hypariodic add, — Whon solution of iodate of soda is mixed with caustic 

* Hydriodic acid by intense eold and pressure has'been both liquefied and solidified. 
Faraday, Lond. Atheneum, Feb. 1845.— R. B. 
t lO,, and lO,. 
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eoda, and a current of chloriife transmitted through the liquid, two salts are 
formed, namely, chloride of sodium and a combination of hyperiodate of soda 
with hydrate of soda, which is sparingly soluble. This is separated, con- 
verted into a silver-salt, and dissolved in nitric acid ; the solution yields on 
evaporation crystals of yellow hyperiodide of silver ; from which the acid may 
be separated by the action of water, which resol^ves the salt into free acid and 
insoluble sub-hyperiodate. 

The acid itself may be obtained in crystals. It is permanent in th^ air, and 
capable of being resolved into iodine and oxygen by. a high temperature.* 

BBOMIirX. 

Brominet dates back to 1826 only, having been discovered by M. Balard of 
Montpellier. It is found in sea water, and is a frequent constituent of saline 
springs, chiefly as bromide of magnesium j — a oelebi^ted spring of the kind 
exists near Kreutznach in PrussisL BicHnine may be obtained pure by the 
foUowing process, which depends upon the &ct that ether agitated with an 
aqueous solution of bromine, removes the greater part of that substance. 

The mother-liquor, J&om which the less soluble ssdts have been separated 
l^ crystallization:, is exposed to a stream of chlorine, and then shaken up with 
a quantity of ether; the chlorine decomposes the bromide of magnesium, and 
the ether dissolves th6 bromine thus set free. On standing, the eth^eal 
solution, having a fine red color, separates* Caustic, potash is then added f 
bromide of potassium and bromate of potash are ibrme^. The solution is 
evaporated to dryness, and. the saline matter heated in a small retort with 
oxide of manganese and sulphuric acid dilutecl with a little water, the neck 
of the retort being plunged into cold water. The bromine volatilizes in the 
form of a deep red vapor, which condenses into drops beneath the liquid.' 

Bromine is at common temperatures a red thin liquid of an exceedingly 
intense color, and very volatile : it freezes at a little below 0^, and boils at 
116^. The density of the liquid is 2*96, and that of the vapor 5*393. The 
odor of bromine is very sufibcating and offensive, much resembling that of 
iodine, but more disagreeable. It is slightly soluble in water, more freely in 
alcohol, and most abundantly in ether. The aqueous solution bleaches. 

ffydrobromic acid. — This substance bears the closest resemblance in every 
particular to hydriodic acid; it has the same constitution by volume, very 
nearly the same properties, and may be prepared by means exactly similar, 
substituting the one body for the other. ' The solution of hydrobromic acid 
has also the power of dissolving a large quantity of bromine, thereby aoquir-. 
ing a red tint. Hydrobromic acid contains by weight 78*26 parts bromine, 
and 1 part hydrogen. 

Bromic aAd. — Caustic alkalies t& presence of bromine undei^ the same 
change as with chlorine, bromide of the metal, and bromate of the oxide 
being produced ; these may often be separated by the inferior solubility of the 
latter. Bromic acid, obtained from bromate of baryta, closely resembles chloric 
acid ; it is easily decomposed. The bromates when heated lose oxygen and 
become bromides. 

No other compound of bromine and oxy^n has yet been described. 

FLUOBIVB. 

This element has pever been isolated ; its properties are consequently un- 
known. The compounds containing filuorine can be easily decomposed, and 
the element transferred from one body to another; but its ^extraordinary die- 

* Graham, Elements, p. 2St. 

t From B^nfMff a noisome tmell : a very appropriate term. 



SItlCONi 129 

toical energies towards the metals and towards silicon, a component of glass 
have hitherto baffled all attempts to obtain it in a separate state.* 

Hydrofluoric acid. — ^Wheh powdered fluoride of calcium (fluor-spar) is 
heated with concentrated sulphuric acid in a retort of platinum connected 
with a carefully cooled receiver of the same metal, a very volatile colorless 
liquid is obtained, which emits cc^ious white and highly suflbcating fumes 
in the air. This is the acid in an anhydrous state. 

When hydrofluoric acid is put into water, it unites with the latter with 
great violence; the dilute solution attacks glass with great Acility. The 
concentrated acid dropped upcm the skin is said to occasion deep and malig* 
nant ulcers, so that great care is requisite in its management Hydrofluoric 
acid contains 18*78 parts fluorine and 1 part hydrogen. - 

In a diluted state, this add is occasionally used in the analyses of siliceous 
minerals, when alkali is to be estimated; it is employed also for etching on 
glass, for which purpose the acid may be prepared in vessels of lead, that 
metal being but slowly attacked under these circumstances. The vapotr of 
the acid is also very. advantageously applied \o the same object in the follow- 
ing maimer; the glass to be engraved is coated with etching-ground or wax, 
and the design traced in the usual way with a pointed instrument. A shal- 
low basin made by beating up a piece of sheet lead is then prepared, a little 
powdered fluor-spar placed in it, and enough sulphuric acid added to form 
with the latter a thin paste. The glass is placed upon the basin, with the 
waxed side downwards, and gentle heat applied beneath, which speedily dis- 
engages the vapor of hydrofluoric acid. In a very few minutes the opera- 
tion is complete; the glass is then removed and cleaned by a little warm oil 
of turpentine. When the experiment is successful, the lines are very clear 
and smooth. 

No combination of fluorine and oxygen has yet been discovered. 

siLicoir. 

Silicon, sometimes called silicium, in union with oxygen, constituting silica 
or the earth of flints, is a very abundant substance, and one pf great import- 
ance. It enters largely into the composition of many of the rocks and mine- 
ral masses of which the sur&ce of the earth is composed. The following 
process jrields silicon most readily. The double fluoride of silicon and potas- 
sium is ' heated in a glass tube, with nearly its own weight of metallic po* 
tassium ; violent reaction ensues, and silicon is set free. When cold, the 
contents of the tube are put into cold water, which removes the saline matter 
and any residual potassium, and leaves untouched the silicon. So prepared, 
sUicon is a dark brown powder, destitute of lustre. Heated in the air it 
bums, and becomes superficially converted into silica. It is also acted upon 
by sulphur and by chlorine. When silicon is strongly heated in a covered 
crucible, its properties are greatly changed: it becomes darker in color, 
denser, and incombustible, refusing to bum even when heated by the flame 
of the oxyhydrogen blow-pipe. 

Sihca. SiHcic acid. — ^This is Ike only known oxide; it contains 22*18 
parts silicon, and 24 parts oxygen.f Colorless transparent rock -crystal 
consists of silica very nearly in a state of purity; common qimrtz, agate, cal- 
cedony, flii^t, and several other minerals, are also chiefly composed of this 
substELnce. 

* Fluorine has been procured in a free state by M. Baadridiont, by a method similar 
to that for chlorine. It is a gas of a brownish red color, odor that of chlorine and burnt 
sugar. It has bleaching powers ; does not act on glass ; sp. gr. 1*3. Combines directly 
with ^Id. (Ed. Fhil. Mag., vol. X. p. 149.HR. B. 

t Or, Si O,. 
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The eiperiment aboit to be described furmslies silica in a slate of complew 
purity, and at the same time exhibits one of the moat remarkable piopwties 
of silicon, luunely, its atnaclioii lor 
J^. 1D3. fluorine. A tniituie is made of equal 

partf fluoi-spai and glass, both finely 
powdered, and introduced, into a glast 
flujli, o, with a quantity of oil of vitiioL 
A tolaiably wide bent tube, fined to the 
flask by a cork, passes to ibe bottom of 
a ^ass jai, into which enough mercury 
is poured to cover the extiemity of th« 
tube,in. The jar is then half filled witlf 
water, v), and heat is applied to the 
fiaak. 

The. first effect is the disengat;e>nent 
of hydroQuoric acid; this substance, bow; 
ever, finding itself in contact with th« 
fdlica of the powdered f^aat, unde^oes 
decompoaitiau, water and fiuoride of sill- 
oon being produced. The Utter is a per- 
manent gas, which escapes &om the flask by Cbe bent tube. By cootact with 
a large quantity of water, it is in turn decomposed, yielding silica, whicl^ 
separates in a beautiful gelatinous oondition, and an acid liquid whioh ia.» 
double fluoride of silicon and hydrogen, commonly called h/drolluosilicia 
acid.* The silica, may be collected on a cloth filler, well washed, dried, and 
heated to redness, to expel water. 

■ The acid liquid is kept as a test for potash, with which il forma a nearly 
insoluble precipitate, the double fluoride of siliron and potasMum, used in the 
pteparatkin of silicon. The fluoride of silicon, instead of being conducted 
into water, may be collected over meioury ; it is a permanent gas, doatitute of 
color and very heavy. Admitted into the air, it condenses the moisture of 
the latter, giving rise to a thick while cloud. It ia important in the expert- 
ment above described to keep the end of the delivery-tube from touching the 
water of the jar, otherwise it almost instantly becomes stopped; the mercDiy 
eflects this object. 

There is another method by which pure silica can be prepared, and which 
is also very instructive, inasmuch as it is the basis of the proceecKng adopted 
in the analysis of alt siticooua mineials. Powdered rock-crystal or fine sand 
is miied with about three times its weight of dry carbotuite of soda, and the 
miimre fused in a platinmn crucible. When cold, the glassy inasa is boiled 
with water, by which it is softened, and in great part dissolved. An excess 
of hydrochloric add is then added, and the whole evaporated to complete 
dryness. By this treatment the getatinoua silica thrown down by the acid 
bra»ines completely insoluble, and remains behind when the dry saline mas» 
is treated with acidulated water, by which the alkaline salts, alumina, oxide 

•{l)Ha»ctlon of taydroaaoTio acid npoD silica I— 

HTdroauoric ( Fluoring -^^^zs-Ouaou Booridt aCailiBOD 
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of iron, lime, and many othei; bodies which may happen to be present, are 
removed. The silica is washed, dried, and heated red-hot. 

The most prominent characters of silica are the following : it is a very fine, 
white, tasteless powder, not sensibly soluble in water or dilute acids (with 
the exception of hydrofluoric) unless recently precipitated. It dissolves, on 
the contrary, freely in strong alkaline solutions. > Its density is about 2*66, 
and it is only to be fused by tlie oxyhydrogen Wow-pipe. 

Silica is in reality an acid, and a very powerful one ; insolubility in water 
prevents the manifestation of acid properties under ordinary circumstances. 
When heated with bases, especially those which are capable of ijndergoing 
fusion, it unites with them and forms true salts, which are sometimes soluble 
in water, as in the case of the silicates of potash and soda when the propor- 
tion of base is considerable. Common glass is a mixture of several silicates 
in which ^the reverse of this happens, die silica, or, as it is more correctly 
called, silicic acid, being in excess. Even glass, however, is slowly acted 
upon by water. 

Finely divided silica is highly useful in the manufacture of porcelain. 

BOROir. 

This sabstance is closely related to silicon ; it is the basis of boraoic acid. 

Boron is prepared by a process very similar to that described in the case of 
pilioon, the double flu6ride of boron and potassium being substituted for the 
other salt, and the opert^on conducted in a small iron vessel, instead of a glass 
tube. It is a dull greenish brown powder, Which bums in the air when 
heated, producing boracic acid. Nitric acid, alkalies in a fused condition, 
chlorine, and other agents, attack it readily. 

There is but one oxide of boron, namely boracic add., containing 10*9 parts 
boron, ahd 24 parts oxsrgen.* 

Boracic acid is found in solution in the water of the hot volcanic lagoons 
of Tuscany, whence a large supply is at present derived. It is also easily 
mfuie by^deoomposing with sulphuric acid a hot solution of borax, a salt 
btought from the East Indies, consisting of boracic acid combined with soda. 

Boracic acid crystalizes in transparent colorless plates, soluble in about 
25 parts of cold water, and in a much smaller quanti^ at a boiling heat ; the 
acid has but little taste, and feebly affects vegetable colors. When heated, it 
loses water, and melts to a glassy transparent mass, which dissolves many 
metallic oxides with great ease. The crystals contain 34*9 parts real acid, 
and 27 parts water. They dissdlve in alcohol, and the solution burns with a 
green flame. 

Glassy boracic add in a state of fusion, is quite fixed in the fire ; the solu- 
tion in water cannot, however, be evaporated without yery appreciable loss 
l^ volatilization; hence it is probable that the hydrate is far more volatile 
than the acid itself. * 

By heating in a glass flask or retort one part of the vitrified boracic acid, 
2 of fiuor-spar, and 12 of oil of vitriol, a gaseous fluoride of boron may be 
obtained, and received iu glass jars standing over mercury. It is a transpa- 
rent gas, very soluble in water, and very heavy; it forms a dense fume in the 
air like the fluoride of silicon.! 

• BO,. 

t ThcM two bodies are thus eonstitated :-~9IF, and BFa. 
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ON certai!n important compounds formed by the 

UNION of the preceding ELEJVfENTS 
AMONG THEMSELVES. 

COXPOUITDS OF CABBOir JLNH HTBHOSSV. 

The compounds of cEurbon and hydrogen already known are exceedingly 
numeroiis ; perhaps all, in strictness, belong to the domain of organic che- 
mistry, as they cannot be formed by the direct union of their elements, but 
always arise from the decompositiDn of a complex body of organic origin.. It 
will be found convenient, notwithstanding, to describe two of them in this paxt 
of the volume, as they very well illustrate the important subjects of combus- 
tion, smd the nature of flame. 

ZigfU carburetted hydrogen; manhrgas; firedamp ; gcu of the acetates.— -This 
gas is but too ollsn found to be abundantly disengaged in coal-mines from the 
fresli cut surface of the coal, and from remarkable '^ apertures or '^blowers," 
wiiich emit for a great length of time a copious streani or jet of gas, which 
probably existed in a state of compression, pent up in the coal. 

The mud at the bottom of pools in which water-plants grow, on. being 
stirred, suffers bubbles of gas to escape, which may be easily collected. This, 
on examination, is found to be chiefly a mixture of light carbui^etted hydrogen 
and carbonic acid ; the latter is easily absorbed by lime-water or caustic pot* 
ash. 

Until quite recently, no method was known by which the gas in question 
could be produced in a state approaching to purity by artiflcial means; the 
various illuminating gases flrom pitrcoal and oil, and that obtained by passing 
the vapor of alcohol through a red-hot tube, contain large quantities of light 
carburetted hydrogen, associated, however, with other substances which hardly 
admit of separation. M. Dumas has at length discovered a method by which 
that gas can, be produced at will, perfectly pure, and in any quantity. 

A mixture is made of 4 parts crystallized acetate of soda, 4 parts solid hy- 
drate of potash, and 6 parts quicklime in powder. This mixture is transferred 
to a flask or retort, and strongly heated ; the gas is disengaged in great abundi 
.ance, and may be received over ,water.* i • > 

light carburetted hydrogen is a colorless and nearly inodosous gas, which 
does not aflect vegetable colors. It burns with a yellow flame, generatipg 
carbonic acid and water. It is not poisonous, and may be respired to a g'reat 
extent without apparent injury. The density of this compound is about *559| 
100 6ubic inches weighing 17*41 grains; and it contains carbon and hydro- 
gen associated in the proportion of 6 parts by weight of the former to 2 of 
the latter.t 

* Ann. Chim. et Phys., Izxiii. p. d3. The reaction consists in the conversion of the 
acetic aaid, by the aid of the eiemems of water, into carbonic acid and light carburetted 
hydrogen; the instability of the organic acid at a high temperature, and the attraction of 
the potash for carbonic acid, being the detemfining causes. The lime prevents the hy- 
drate of potash from ftising and attacking the glass vfe^sels. AH th6s6 decompositions 
are best understood by putting them in the shape of an equation. 

A cetic acid C4 H, O, ) .^. ( Carbonic acid, 8 eq. C, O4. 
Water H O j — ( Marsh gas, 2 eq. C, ff 4 



C4 H« O4 C4 H« O4 

t The two carburets of hydrogen here described are thus represented in equiTalents:— 

Light carburetted hydrogen C H^ 
Olefiant gas C, H, 
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When 100 measnres of ibis gas are mixed with 200 of pure oxygen in the 
eudiometer, and the mixture exploded by the* electric spark, 100 measures of 
a gas remain, which i^ entirely absorbable by a little solution of caustic pot- 
ash. Now carbonic acid contains its own volume of oxygen; one-half the 
oxygen added, that is, 100 measures, must have been consumed in wn^ting 
with the hydrogen. Consequently, the gas mu8^ contain twice its own mea- 
sure of hydrogen, and enou^ carbon to produce, when completely burned, an 
equal quantity of carbonic acid. 

When chlorine is , mixed with light carburetted hydrogen over water, no 
change follows, provided Hght be excluded. The presence of light, however, 
brings about decomposition, hydrochloric acid, carbonic add, and sometimes 
carbonic oxide being produced. It is iniportant to remember that the gas is 
not acted upon by chlorine in the dark. 

Ol^nt ga9. — ^Strong spirit of wine is mixed with five or six times its 
weight of oil of vitriol in a glass-flask, the tube of which passes into a wash- 
bottle containing caustic potash. A second wash-bottle, partly filled with oil 
of vitriol, is connected to the first, and furnished with a tube dipping into the 
water of the pneumatic trough. ' On the first application of heat to the con- 
tents of the flask, alcohol, and ailer\vards ether, make their appeanmce ; but 
as the ten^perature rises, and the mixture blackens, the ether-vapor diminishes 
in quantity, and its place becomes in great part supplied by a permanent in- 
flammable gas ; carbonic acid and sulphurous acid are also generated at the 
same time, besides traces of other products. The two last-itaentioned gases 
are absorbed by the alkali in the first bottle, and the ether-vapor by the acid 
in the second, so that the olefiant gas is delivered tolerably pure. The reac- 
tion is too complex to be discussed at the present moment ; it will be found 
fuUy described in another part of the volume. Olefiant gas thus produced is 
colorless, neutral, and but slightly soluble in water. It has a fiunt odor of 
garlic. On the approach of a kindled taper it takes fire, and bums with a 
splendid white Ught, far surpassing in brilliancy that produced ^by light car- 
buretted hydrogen. This. gas. when mixed with oxygen find fired, explodes 
with great violence. Its density is '98 Ij 100 cubic inches weigh 30*57 grains.* 

By the use of the eudiometer, as already described, it has been found that 
each measure of olefiant gas requires for complete combu^on exactly three 
of oxygen, and produces under these circtunstances two measures of carbonic 
acid. Whence it is evident that it contains twice its own volume of hydrogen, 
combined with twice as much carbon as in marsh-gas. 

By weight, these proportions will be 12 parts carbon, and 2 parts hy- 
drogen. ' ^ 

Olefiant gas is decomposed by passing through a tube heated to bright red- 
ness ; a deposit of charcoal takes place,, and the gas becomes converted int6 
light carburetted hydrogen, or even into free hydrogen, if the temperature be 
very high. This latter change is of course i^ttended by increase of volume. 

Chlorine acts upon olefiant gas in a very remarkable manner. When the 
two bodies are mixed, even in the dark, they combine in equal measures, and 
^ive rise to a heavy oily liquid, of sweetish taste and ethereal odor, to M'hich 
the name chloride of hydrocarbon, or Dutch liquid, is given. It is from this 
peculiarity that the term olefiant is derived. 

A pleasing and instructive experiment may also be made by mixing in a 
tall jar two measures of chlorine, and one of olefiant gas, and then quickly 
applying a light to the mouth of the vessel. The chlorine and hydrogen unite 

* Olefiant gu by pretture and intense cold produced by the evaporstion in a vacuam 
of solid carbonic acid and ether, is condensed ,mtb a colorless transparent liquid, but not 
frozen. Faraday.— R. B. ' 
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with flame) which passes qnicUy down the jar, while the whole of the car- 
hon is set free in the form of a ^ick black smoke. 

Coal <i«m/ ot^gOMf.— The manufacture of coal gas is at the present moment 
a branch of industry- of great interest and importance in several points of 
view. The process is one of great simplicity of principle, but requires, in 
practice, some delicacy of management to yield a good result. 

When pitrcoal is subjected to destructive distillation, a variety of products 
show themselves ; permanent gases, steam, and vapors of tar, and volatild 
oils, besides a not inconsiderable quantity of ammonia from the nitrogen, 
always present in the coal. These substances vary very much in their pro^ 
portions with the temperature at which the process is conducted, the perma* 
nent gases becoming more abundant with increased heat, but at the samc^ 
time losing much of their value for the purposes of illumination. 

The coal is distilled in cast-iron retorts, maintained at a bright red heat, 
and the volatilized products oondncted into a long horizontal pipe of large di- 
mensions, always half filled with liquid, into which dips the extremity of 
each separate tube ; this is cabled the hydraulic main. The gas and its ac- 
companying vapors are next made to traverse a refrigerator, usually a series 
6f iron pipes, cooled on the outside by a stream of water ; here the condensa- 
tion of the tar and ammoniacal liquid becomes complete, and the gas proceeds 
onwards to another part of the appcuratus, in which it is to be deprived of the 
sulphuretted hydrogen and ccurbonic acid gases always present in the crude 
product. This is eflfected by hydrate of lime, which readily absorbs the com- 
pounds in. question. The purifiers are large iron vessels, partly filled with a 
mixture of hydrate of lime and Water, in which a chumihg machine or agitato]^ 
is kept in oonstsuit motion to prevent the subsidence of the lime. The gas is 
admitted at ^e bottom of the vessel, by a great number of minute apertures, 
and is thus made to present a large surface of contact to the purifying liquid. 
The last pajrt of the operation, which indeed is of\en omitted, consists in |>as»- 
ing the gas through dilute sulphuric acid, in order to remove a little ammonia 
which yet lingers behind, llie quantity thus separated is very small; but in 
an extensive work even this little is worth preserving. 

Coal-gaS) thus manufactured and purified, is preserved for use in immense 
cylindrical receivers, close at the top, suspefided in tanks of water by chains 
to which counterpoises are attached, so that the gas-holders rise and sink in 
the liquid as they become filled from the purifiers, or emptied by the mains. 
These latter are made of large diameter, to dimini^ as much as possible the 
resistance experienced by the gas in passing through such a length of pipe. 
The joints of these mains are yet made in such an imperfect manner, that 
immense loss is experienced by leakage when the pressure upon the gas at 
the works exceeds that exerted by a column of water an inch in height.* 

Coal gas varies very much in composition, judging from its variable density 
and illuminating pow^r, and firom the imperfect analyses which have been 
made. The di^culties of such investigations are very great, and the results 
merely approximative. The purified gas is believed to contain the foUowing 
substahces, of which the first is most abundcuit, and the second most valuable. 

* It may give pome idea of the extent of this species of manufaeture to mention, that 
in the year 1838 for Iwhting London and the suburbs alone, there were eighteen public 
gas works, and J£2,800,000. invested in pipes and apparatus. The yearly revenao 
amounted to £450.000 and the consumption of coal in the some period to 180,000 tons, 
1400 milUom of ciibie feet of gas being made in the year. There were 134,300 private 
lights, and 30,400 street-iami>s.- 890 tons of coal were used in the retorts in the space of 
twenty-four hours at mid-winter, and 7,120,000 cubic feet of gas oonsamed in tnie k>ag- 
est nighu— Dr. Ure, Dictionary of Arts and Manufactures. 
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Light carlmretted hydrogen. 
Olefiant gas: 
Hydrogen. 
" Carbonic oxide. ' 
Nitrogen. 

Vapors of volatile liquid carbnrets of hydrogen.* 
Vapor of bisnlphuret of carbon. 

Separated bf Gondensation and by the Purifiere, 

Tar and volatile oils. 

Sulphate of ammonia, chloride and sulphuret of anunooium. 

Sulphuretted hydrogen. 

Carbonic acid. 

Hydrdcyanic acid, or cyanide of ammonium. 

A very far better illuminating gas may be prepared from oil, by dropping 
it into a red-hot iron retort filled with coke ; the liquid is in great part decom- 
posed iknd converted into permanent gas^ which requires no puri£cation, as it 
is quite free from the ammoniacal and sulphur compounds, which vitiate the 
gas from coal. A few years ago ^s article was prepared in London ; it was 
compressed for the use of the consumer into strong iron vessels, to the extent 
of 30 atmospheres; these Were ftimished with a screw-valve of peculiar con- 
struction, and exchanged for others when exhausted. The comparative high 
price of the material, and other circumstances, led to the abandonment of the 
undertaking. 

GdMBUflTIdir, AITB THE 8TSUCTUSS Of TLAXX. 

When any solid substance, capable of becuring the fire,i» heated to a oertain 
point, it emits light, the character of which depends upon the temperature. 
Thus, a bar of platinum or a piece of porcelain raised to a particular tempera- 
ture, becomes what Is called red-hpt or emissive of red light; at a higher d^pree 
ot heat this light becomes whiter and more intense, and when urged to the 
utmost, as in the case of a piece of lime placed in the flakne of the oxyhydro- 
gen blow-pipe, the ligh^ becomes exceedingly powerful, and acquires a tint of 
violet Bodies in these states are said to be incafidescent or igrvUtd, 

Again, if the same experiment be made on a piece of charcoal, similar effects 
will be observed, but something in addition; for whereas the platinum or por- 
celain) when removed from the fire, or the lime from the blow-pipe fiame, 
begin immediately to cool, and emit less and less light, until they become com- 
pletely obscure, the charcoal maintains to a great extent its hi|^ temperature. 
UjUike the other bodies tcf), which sufier no change whatever either of weight 
or substance, the charcoal gradually wastes away until it disappears. This is 
what is called combtution, in contradistinction to mere ignition; the charcoal 
bums, and its temperature is kept up by the heat evolved in the act of union 
with the oxygen of the air. 

In the most general sense, a body in a state of combustion is on^ in the act 
of undergoing intense chemical action; any chemical action whatsoever, if its 
enei^ rise sufficiently high, may produce the phenomenon of combustion, by 
heating the body te euch an extent that it becomes luminotu. 

In all ordinary cases of combustion, the action lies between the burning body* 
and the oxygen of the air ; and since the materials employed for the economi- 

* These bodiet increase the illuminating power, and confer on the gaft its peculiar 
odor. 
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calproductioiiofbeetandli^tconsist of carbon cbiedj, or ibst su1»liuice con- 
joineil with a certain proportion of hydrogen and oxygea, all coaiinon effects 
of this nature are cases of ibe rapid ajid violent oxidation of carbon and hydro 
gen by the aid of the ftee oiygen of the air. The heat must ba referred to 
the act of chemical onion, and the light to the elevated temperature. 

„. , Q. By (his principle it ia ea»y lo understand ibe meani 

J!tg. 104. whiohmuitbeadoptedtoincrease the heatof ordinary 

fires to the point necessary to melt rcAaclory melala, 
and to bring about certain desired effects of chemkal 
decooipositioD. If theialeoTconBimiptiODOf the fuel 
can be increased by a mote rapid introduction of air 
into the burning mass, the intensity of the heal will of 
necessity rise in the aame ratio, there being reason to 
believe that the quantity of heat evolved is flied and 
definite for the same conslant quantity of chemical 
action. This increased supply of air may be effected 
by two diatinci methods ; it may be forced into the fire 
by bellows or blowing machines, as in the common 
foige, and in the blast and cupola-furnaces of the iron- 
worker, or it may be drawn through the burning 
materials by the h^ilp of a tall chimney, the fire-place 
being close on t^l sides, and no entrance of air al- 
lowed, save between the bars of the grate. Such is 
the idnd of furnace generally employed by the scien- 
tific chemist in assaying and in the reduction of me- 
tallic oiides by charcoal] the principle will be at 
once nnderslood by the aid of the sectional draw- 
ing, in which a crucible is represented arranged in 
the fire for an operation of the kind mentioned. 

The " reverbetatory" furnace » 
Fig, 103. one very much used in the arts when 

substances are to be exposed to heat 
without contact with the fuel. The 
fire-chamber, a, is separated from the 
b>l or hearth, d d, of the furnace by 
a low wall or bridge, c, of brick-work, 
and the flame and heated air are 
reflected downwards by the arched 
form of the roof. Any degree of heat 
can be obt^ed in a furnace of this 
kind, {roia the temperature of dull 
redness, to that required to melt very 
large qnancitieB of cast-iron. The 
fire is urged by a chimnej, provided 
with a sliding plate or damper,}), 
to regulate the diat^t. 

Solids and liquids, as melted me- 
tal, enjoy, when sufficiently heated, 
the faculty of emitting light; the same 
power is possessed by gaseous bodies, 
but the temperature required to render a gas luminous is incomparably higher 
than in the caMs already described. Gaa or vapor in this condition constitutes 
fiamt, the actual temperature of which always tat exceedi that of the white 
heat of solid bodies. 
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Fig, 106. 
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Fig. 107. 



The ligbt«mitted from pure:flame is exceedingly feeble; inaminBting power 
is almost entirely dependent upon the presence of solid matter. The flame 
of hydrogen, or of the mixed gases, is scarcely visible in full day-light; in a 
dusty atmosphere, however, it becomes much more lumhious by igniting to 
intense whiteness the floating particles with which it comes in contact The 
piece of lime in the blow-pipe flame cannot have a higher temperature than 
that of the flame itself; yet the light it throws ofl* is almost infinitely greater. 
, Flames burning in the air, and not. supplied with oxygen 
irom another source, are, as already stated, hollow ; the che- 
mical action is necessarily confined to the spot where the two 
bodies unite. That of a lamp or candle, when carefully ex- 
amined, is seen to consist of three separate portions. The 
dark central part, a, easily rendered evident by depressing 
upon the flame a piece of j&ne wire gauze, consists of com- 
bustible matter drawn up by the capillarity of the wick, and 
volatilized by the heat This is surrounded by a highly lumi- 
noas cone or envelop, b, which, on contact with a cold body, 
deposits soot On the outside a second cone, c, is to be 
traced, feeble in its light-giving power, but having an- exceed- 
ingly high temperature. The explanatioil of these appear- 
ances is easy : carbon and hydrogen are very unequal in their 
attraction for oxygen, the latter greatly exceeding the former in this respect; 
consequently, when both are present, and the supply of oxygen limited, tlie 
hydrogen takes all, to the exclusion oif a great part of the carbon. Now this 
happens in the case under consideration at some little 
distance within the outer surface of the flame, namely, 
in the luminoos portion : the little oxygen which has 
penetrated thus far inwards is entirely consumed by 
the hydrogen, and the particles of deposited charcoal, 
which would, were they cooler, fbnli smoke, become 
intensely ignited by the burning hydrogen, and evolve- 
a light whose whiteness marks a very elevated tempe- 
rature. In the exterior and scarcely visible cone, 
these particles of carbon undergo combustion. 

A jet of coal-gas exhibits these phenomena;; but if 
the gas be previously mingled with air, or if air be 
forcibly mixed with, or driven into the flame, no such 
separation of carbon occurs, the hydrogen and carbon 
bum together J and the illuminating power almost dis- 
appears. 

The common moufli blow-pipe is a little instrument 
of high utility; it is merely a brass tube, fitted with 
an ivory mouth-piece, and terminated by a jet, having ^ 
a small aperture by which a current of air is driven 
across th^e flame of a candle. The best ^rm is per- 
haps that contrived by Mr. Pepys, and figured in the 
margin. The flame so produced is very peculiar. 

Instead of the double envelop just, described, two 
long pointed cones are observed, which, when the 
blow-pipe is good, and the aperture, smooth and round, 
are very well defined, the outer cone being yellowish, 
and the inner blue. A double combustion is, in fact, 
going on, by the blast in the inside, and by the external air. The space be- 
tween the inner and outer cones is filled wiUi exceedingly hot combustible mat- 
ter, poeseseitig strong reducing or de-oxidizing powers, while the highly heated 
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Fig. 108. ail Jort beyond the point of the eil^iior cone 

oxidizes with great fBCJlity. A mnill poitirai 
of manet, Bupponed on a piece of charcoal, oi" 
fixed in a ring at the end of a fine platinum 
wire, can thus in an instant be exposed (o a very 
high d^ree of heat under these oontiBated cit- 
ciimataiiceB, and obaeivelionB of great Taloa 
made in a very short time. The use of the 
inslrumeat requires on even and unintemipled 
blast, of some dnratioB, by a method easiljf 
acquired with a little patieDce; it con^sts in 
employiiig for the purpose the muscles of the 
cheats alone, leipiratioh being conducted thn>ugh,the nostrils, and the month 
from time to time tepleniMied with air without intecmiseion of the blast 

The Argand lamp, adapted to bum either oil or spirit, but especially tho 
latter, is a very uaefiri piece of chemical apparatus. In this lamp the wick 
is cylindiicaJ, the Same beii^ supplied with air both inside and outside ; 
the mmbuslion is grcatly aided by the chimney, which is made of copper 




Fig. 109. 



Fig. 110. 




used u a sotirce of he&L The accompanying drawing 
in excellent lamp of this kind Kw burning alcohol or 
wood-spirit It is constructed of coppet', and fUmished 
with ground caps to the wick-holder ajid aperture* by 
which the spirit is introduced, in order to prevent loss 
when the lamp is not in use. Glass spirit lamps, fined 
with caps to pceyent evaporation, are very convenient 
for occasional use, being always ready and in order. 

In I/indon, and other large towns where coal-gas is 
to be had, that substance is constantly used with the 
greatest econrany and advantage in every respect as a 
source of heat Retorts, flasks, capsules, uiid other 
vessels, can be thus exposed to en easily regulated and 
invariEd)le temperature tbr many successive hours. 
SmaU plfltibum cmcibles may be ignited to redness by 
pledng them over the flame on a little wire triangle. 
The arrangement shown,COnsi9tingof acommonArgand 
gas burner fixed on a heavy and low ibot and connected 



■ When in niH lUs ■pemn mnal (Iwsts be open, olberwiia ui act 
hsBpen i iba beu sxpaadi the air in the lamp, and tha apinl i* Ibrosd i 
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wit& h fiexibl? tnt* of iKoatchono of otlier matsri&l, leaves nothing to 

Tha kindlinppoinl, or temperotuie at which combuetioii commenixt, in very 
diHeient with different Bub«tBiicos;phospbonie will sometimca take fire in the 
hand; Bulphui leqnites a lemperaiure exceediog that of boiling waCef; chdi- 
eoal man be healed to lednels. Among gaseooa bodies the Bome fiict a 
dbtetved: hydrogen is in&med bf a n»d-hM wire; cttrbarellod bydrogeii 
lequirea a white heat to effect the Borne diing. Whan fldme is cooled by ai^y 
means bolow the lempetatut^ at which the lapid oiidadon of the combustible 
gaa ooeurs, it i* at imce eiticgciiibed. Upon this depends the principle of 
Sii H. Dnvy'a invalnabla lare-lainp. 

Mention has already beeil mads of the fl^uenl diBengngenient of grtet 
quantities of light tnrbuietied hydn^n gas in eoal-mines. Thia gas, mixed 
with seTen or eif^t times ili Tokune of AtmO^hette air, becomes hi^y ex- 
pkaiTe, taking Are at a light, and bunting with a pale blue flanie ; and many 
feaifiil aooidenta hare oocuired from the ignition of large quantities of mixed 
gas and air oocupying Ibe extensive galleiieB and workings of a mine. Sir 
H. Davy undertook an investigation, with a view to disoovei some remedy fbr 
this constantly occurring calamity ; his labors resulted in some exceed^ly 
important discoveries respecting dame, of which the substance has been given, 
and wMoh led to the construction of the lamp which bears his name. 

When two vessels fiUed with a gaseous explosive miitoiB are connected 
by a narrow tube, and the contents of one fired by the electric epai^ of 
cKherwise, the flame is not coirnnnnicated to the other, provided the diameter 
of the mbe, its length, and the conducting power for heat of its matmial, bear 
a certain proportion to each other ; the flame is extinguished 
by oooiing, and its tnmmlisaion rendered imporaible. Fig, IIQ. 

In this experiment high conducting power and dimin- 
ished diameter compensate diminution of length; and to 
such an extent can ihi^ be carried, that metallic gauze, 
which may be looked upon as a series of very short square 
tnbea arranged aids by aide, arrests in the most oomptele 
manner the passage of flame in explosive mixtures whelk 
of sufficient degree of fineness, depending upon the inflonv 
mability of the gas. Most providenti^y, the flre-damp 
mixtore has an exceedingly b^ kindling point ; a red-heat 
doce not (Buse inflammation ; consequently, a gaoEe will be 
safe ibr thia substance, when flame would pass in almostany 
other case. 

The miner's safe-kunp is met^ an Ordinary oil lamp, the 
flame of whii^ is saclos«d in a cage of wit»ganze, made 
douUe at the upper part, containing about 40O qiertures to' 
the square inch. The tube for aupplyii^ oil to the reservoir 
reaches nearly to the bottom of the Latter, while the wick 
admits of being trimmed by a bent wire passing with irio- 
tion through a smalt tube in the body of the lamp ; the Same 
can thus be kept burning for any length of time, without the 
neoeasity of unscrewing the cage. When this lamp is taken 
into an explosive atmosphete, although tha fire-damp may 
bum within the cage with such ene^^ as sometimes to heat 
the metallic tissue to dull rediieaB, the flame is never com- 
mmiicBtcd to the mixture on ifae ontsida. 

These effects may be conveniently studied by suspending the lamp in A 
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Fig* 113. large glass ja]r, and gradually admitting coal-gas below: 

The oil-flame is at first elongated, and then as the pro- 
portion of gas increasesi extinguished, while the interior 
of the gauze cylinder becomes filled with the burning 
mixture of gas and air. As the atmosphere becomes 
purer, the wiekis once more relighted. These appearances 
are so remarkable, that the lamp becomed an admirable 
indicator of the state of the air in difierent parts of th^ 
mine. 

The same great principle has been ingeniously applied 
by Mr. Hemming to the construction of the oxyhydrogen 
safety-jet formerly mentioned. This is a tube of brass 
about four inches long, filled with straight pieces of fine 
brass wire, the whole being tigh^ wedged together by a 
pointed rod, forcibly driven into the centre of the bundle. 
The arrangement thus presents a series of metal tubes, 
very long in proportion to their diameter, the cooling 
powers of which are so great as to prevent the possibility 
of the passage of flame, even with oxygen and hydrogen. 
The jet may be' used, as beibre-mentioned, with a oranmon 
. bladder without a chance of explosion. The fundamental 
fiict of flame being extingui^ed by contact with a cold body may be ele- 
gantly shown by twisting a copper wire into a short spiral, about *1 inch in 

diameter, and then passing it ctdd over the flame 
of a. wax candle ; the latter is extinguished. Let 
the spiral be now heated to redness by a spirit 
^■* lamp, and the experiment repeated; no such, ef- 
feet follows.* 




Fig. 114. 




VITBOSXH AlTD HTDEoexir; AXXOiril. 

When powdered sal-anmioniao is mixed with moist hydrate of lime, and 
gently heated in a gas-flask, a l£rge quantity of gaseous matter is disengaged, 
whidii must be collected over mercury, or by displacement, advantage being 
taken of its low specific gravity. 

Ammoniacal gas thus obtained is colorless ; it has a very powerful pungent 
odor, and a strong alkaline reaction to test-paper, by which it may be at once 
distinguished from all other bodies possessing the same ph]rBical characters. 
Under a pressure of 6*5 atmospheres at 60®, ammonia condenses to the liquid 
form.t Water dissolves about 700 tim^s its volume of this remarkable gas, 
forming a solution which in a more dilute state has long been known under 
the name of liquor aimnoma; by heat, a great part is again expelled. The 
solution is decomposed by chlorine, sal-ammoniac being formed, and nitrogen 
set firee. 

* Where coal gas is to be bad. it may be advantageoasly used as a soaroe ofheat, by 
taking advantage of the aboye-mentioned fact. On passing a current of ns throngh a 
wide vertical tobe, open at the bottom to afford a free miztKre with atmospoeric air, bat 
closed at the top by wire gauze, and then kindling the mixture aAer its escape through 
the meshes, it will bum with feeble illuminating power, but no loss of heau When the 
proportion of the gas to the atmospheric air. is such as not to allow the flame to become 
yellow, tiie combustion will be complete, and no carbonaceous deposit will be formed on 
cold bodies held over the flames. The length and diameter of the cylinder are detennined 
by the amount of g^ to be burnt, and the length may be much decreased by interposing 
a second diaphrum of wire gauze about mid-length of the cylinder, the current of gas 
being introduced below this, by which means a more thorough and rapid mixture is 
made with the atmospheric air.— Sir John Robinson, K. H., &c.,Ed. New Phil. Journal, 
1840.— R. B. 

t At the temperature of 1039 F., liquid ammonia freezes into a colorless solid, 
heavier than the liquid itself.— Faraday.-R. B. 
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Ammonia has a density- of *d89; 100 cubic inches weigh 18*26 grains. It 
cannot be formed by the direct union of its elements, although it is Sometimes 
produced under rather remarkable circumstances by the de^ixidation of nitric 
acid. The great sources of ammonia are the feebly-corapoimded azotized 
principles of the animal and vegetable kingdoms, which, when left to putre- 
&ctive change, or subjected to destructLve distillation, almost invai^iably give 
rise to an abundant production of this substance. 

The analysis of anmioniacal gas is easily effected. When a portion is con" 
fined in a graduated tube over mercury, and electric sparks passed through it 
for a considerable time, the volume of the gas gradually increases until it 
becomes doubled. On examination the tube is found to contain a mixture of 
3 measures hydrogen gas and 1 measure nitrogen. Every two volumes of the 
ammonia, therefore, contained three volumes of hydrogen and one of nitrogen, 
the whole being condensed to the extent of one-half. The weight of the two 
constituents will be in the proportion of 3 parts hydrogen to 14*06 parts nitro* 
gen. 

Ammonia may also be decomposed into its elements by transmission through 
a red-hot tube. 

Solution of ammonia is a very valuable re-ageht, and is employed in a great 
number of chemical operations, for some of which it is necessary to have it 
perfectly pure. The best mode of preparation is the following: — 

Equal weigbts of sal-ammoniac and quicklime are taken ; the lime is slacked 
in a covered basin, and the salt reduced to powder. These are mixed, and 
introduced into the^ flask employed in preparing solution of hydrochloric acid, 
together with just enough water to damp the mixture, and cause it to aggregate 
into lumps; the rest of the apparatus is arranged exactly as in the former 
case, with an ounce or two of water in the wash-bottle, or enough to cover the 
ends of the tubes, and the gas conducted afterwards info pure distilled water, 
artificially cooled, as before. The cork joints are made tight with wax, a little 
water is put into the safety-funnel, heat cautiously applied to the flask, and the 
whole left to itself. The disengagement of ammonia is very regular and uni- 
form. Chloride of calcium, with excess of hydrate of lime, remains in the flask. 

The decomposition of the salt is usually represented in the manner shown 
by the subjoined diagram. 

Ammonia . Ammonia. 

Sal-ammoniac ^ Hydrochloric ( Hydrogen ^i Water. 

acid . i Chlorine. 




L5me J Oxygei 

""^® • • i Calcium- ■■ ^=:*<ailoride of calcium. 

Solution of ammonia should be perfectly colorless, leave no residue on 
evaporation, and when supersaturated by nitric acid, give no cloud or muddi- 
ness with, nitrate of silver. Its density diminishes witl^ its strength, that of the 
most concentrated being about *875 ; the value in alkali of any sample of liquor 
ammonias is most safely inferred, not from a knowledge of its density, but from 
the quantity of acid a given amount will saturate. The mode of conducting 
this experiment will be found described under AOcalimdry, 

When solution of ammonia is mixed with acids of various kinds, salts ace 
generated, which resemble in the most complete manner the corresponding 
compounds of potash and soda ] these are best discussed in connection with the 
latter. Any ammoniacal salt can at once be recognized by the evolution of 
anmionia when it is heated with hydrate of lime, or solution of carbonate of 
potash or soda. 
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Su^kuretted hydrogen; hydrotu^kuric acid; st^^hydric acid. — ^There «re two 
methods by which this important compound can be readily prepared, namely^ 
by the action of dilute sulphuric acid upon sulphuret of iron, and by the da- 
composition of sulphuret of antimony by hydrochloric acid. The first method 
yields it most easily, and the ^ond in the purest state. 

Proto-sulphuret of iron is put into the apparatus for hydrogen, already, several 
times mentioned, together with some water, and oil of vitriol is added by the 
funnel, until a copious disengagement of gas takes place. This is to be col- 
lected over tepid water. The reaction is thus explained. 



Sulphuret of wnj?:!!^^'*' 



Water . . 
Sulphuric aoid' 



i Iron 

i Hydiogea 

i Oxygen 



T 




Sulphuretted h3nliogen. 



Sulphate of. oxide of iron. 



. By the other plan, finely powdered sulphuret of antimony is put into a flask, 
to which a cork and bent tube can be adapted, and strong liquid hydrochloric 
acid poured upon it . On the application of heat, a double interchange occurs 
between the bodies present, sulphuretted hydrogen being formed, and chjoride 
of antimony. The action only lasts while the heat is maintained. 



Hydrochloric acid [chltrfS^ 

Sulphuret of anti- C Sulphuf *^^ 

mony ... J Antimony 




•ulphuretted hydrogen. 



'hloride of antimony. 



Sulphuretted hydrogen is a colorless gas, haying the odor of putrid eggs^ it 
^s most ofiensive when in small quanti^, when a mere trace is prjBsent in ihe 
fiir. It is not irritating, but, on the contrary, powerfully narcotic. When> set 
on fire, it burns with a blue flame, producing water and sulphurous acid whei^ 
^e supply of air is abundant, and depositing sulphur when the oxygen is de- 
ficient. Mixed with chlorine, it is instantly decomposed, with separation of 
the whole of the sulphur. 

This gas hasaspeoifie^Avityof 1*171 * lOQeubie inches weigh 36*33 grains. 

A pfessHFe of 17 atmospheres at 50^ reduces it to the 
liquid foNZL . Cold water . dissolves its own volume of 
sulphuretted hydrogen, and the solution is often directed 
to be kept as a test; it is so prone to decompositioQi 
however, by the oxygen of Ae air, that it speedily spoils. 
A much better plan is, to keep a little apparatus for 
generating the gas always at hand, and ready for use at 
a moment's notice. A small bottle or flask, to which a 
bit of bent tube is fitted by a cork, is supplied with a 
little sulphuret of iron and water; when required for use, 
a few drops of oil of vitriol are added, and the gas is at 
once evolved^ The experiment completed, the liquid 13 
poured from the bottle, replaced by a little clean water, 
and the instrument is again ready for use. 
When potassium is heated ih sulphuretted hydrogen, the metal bums with 
^eat energy, becoming converted into sulphuret, while pure hydrogen re- 
mains, equal in volume to the original gas. Taking this fact into account 
and comparing the density of the gas with those of hydrogen and sulphur- 
vapor, it appears that every volume of sulphuretted hydrogen contains one 
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Tolimie of hydzogen, and one-sixth of a volume of sulphur-vapor, the whole 
condensed into one volume. ?This corresponds very nearly with its composi- 
tion by weight, determined by other means, nunely, 16*09 parts sulphur to 1 
part hydrogen. 

When a mixture is made of 100 measures of sulphuretted hydrogen and 
.150 measures of pmre oxygen, and exploded by the electric spark, complete 
combustion ensues, and 100 measives of si^phurous acid gas result. 

Sulphuretted hydrogen is a frequent product of the putrefaction of oiganic 
vuuter, both aninoal and vegetable; it occurs also in certain mineral springs, 
as at Harrowgate, and elsewhere. When accidentally present in the atpio- 
sphere of an apartment, it may be instantaneously destroyed by a small 
quantity of chlorine gas. 

There are few re-agents of greater value tp the practical chemist than this 
substance; when brought in contact with many metsUlic solutions, it gives 
rise to precipitates, which are oAen exceedingly characteristic in appearance, 
and it frequently afibrds the means also of separating metals irom each other 
with the greatest precision and certainty. The precipitates spc^en of are 
insoluble sulphurets, formed by the mutual decomposition of the metallic 
oxides or chlorides and sulphuretted hydrogen, water or hydrochlodo acid 
being produced at the same time. All the metals are in jbct, precipitated 
whose sulphurets are insoluble in water and in dilute acids. 

Sulphuretted hydrogen possesses itself the properties of an acid; its solution 
in water, reddens litmus paper. 

The best test for the presence of this compound is paper wetted with Boiur 
tion of acetate of lead. The salt is blackened byt the smallest trace of the 

SSas* 

PernUphntret cf hydrogen, — ^This substanoe cprresponds in oonstitutioa and 

instability to the peroxide of hydrogen; it is prepared by the ibllowing 

zneans: — 

Equal weights of slaked lin^e and flowers of sulphur are boiled with 5 or 6 

parts of water for half an hour,. When a deep. orange colored solution is 

produced, containing among other things persulphuret of calcium. TMs is 

filtered, and slowly added to an excess of dilute sulphunc acid, with o(H)stant 

agitation. A white precipitate of separated sulphur makes its appearance, 

together with a quantity of yellow oily-looking matter, wludli collects at the 

lx)ttom of the vessel; this is persulphuret of hydrogen.* 

* The r«aetion which easaes wh«n hydrat«of lime, solphnr and water ure boiled to- 
gether, is rather complex, deutosulphuret and pentasulphuret of calchim being formed, 
together with hyposulphite of lime, arising from the transfer of t|ie oxygen of the decom- 
posed lime to another portion of sulphur. 



San HmA (Seq. calclum ^^^^|p 8 eg. deutosulphuret of calcium, 
xaq. ume ( g eq. oxygen ..^^^^^.—^ ' " 




4 cq. sulphur _^^ 

2 eq. sulphur . , . . , . ^"^ ibI eq. hyposulphurous acid. 

The deutosulphuret of calcium decomposed by an acid under fhvorablo circumstances, 
yields a salt of lime and deutosulpluiret (per»alphuret) of l^ydrogen. 

1 cq. deutosulp- (» eq. sulphur-^ ^ ^ «i- deutosulphuret pf hydrogen. 

calcium . . . c 1 «<!• calcium ^^^^^"^^"^^ 




Sulphuric acid ^ ■,7''T^^^==^ 1 eq. sulphate of lime. 

When the acid is poured intp the sulphuret, sulphuretted hydrogen, water and sul- 
phate of lime are produced, while the excess of sulphur is thrown down as a fine white 
powder, the " precipitated sulphur" of the Pharmacopoeia. ^When the object is to pre- 
pare the latter substance, hydrochloric acid must be used in place of sulphuric. 
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If the experiment be conducted by pouring the acid into the solution of sul- 
phuret, then nothing but finely-divided precipitated sulphur is obtained. 

The persulphuret is a yellow, viscid, insoluble liquid, exhaling the odor of 
sulphuretted hydrogen ; its specific gravity is 1*769. It is slowly decomposed 
even in the cold into sulphur and sulphuretted hydrogen, and instantly by a 
higher temperature, or by contact with many metallic oxides. This com- 
pound probably contains twice ajs much sulphur in relation to the other 
element as sulphuretted hydrogen. 

Hydrogen and seknittm; sdemmretted hydrogen. — ^This substance is prO« 
duced by the action of dilute sulphuric add upon seleniuret of potassium or 
iron; it very much resembles sulphuretted hydrogen, being a colorless gas, 
freely soluble in water, and decomposing metallic solutions like that sub- 
stance; insoluble seleniurets are thus produced. This gas is said to act very 
powerfully upon the lining membrane of the nose, exciting catarrhal symp* 
toms, and destroying the sense of smell. It contains 39*57 parts selenium, 
and 1 part hydrogen. 

PhfMphonw and hydrogen; photpkureUed hydrogen.— -This body bears & 
slight analogy in some of its chemical relations to ammoniacal gas; it is, 
however, destitute of alkaline properties. 

Phosphuretted hydrogen may be obtained in a state of purity by heating in 
a small retort hydrated phosphorous acid, which is by su6b treatment decom- 
posed into phosphuretted hydrogen and hydrated phosphoric acid.* 

Thus obtained, the gas has 6. density of 1*24. It contains 31*38 parts phos* 
phorus, and 3 parts hydrogen, and. is so constituted that every two vc^mnes 
contain 3 volumes of hydrogen and half a volume of phosphorous vapor, oon^^ 
densed into two volumes. It possesses a highly disagreeable odor of garric, 
is slightly soluble in water, and bums with a brilliant white fiame, forming 
water and phosphoric acid. 

Phosphuretted hydrogen may also be . produced by boiling together in a re^ 
tort of small dimensions caustic potash or hydrate of lime, water, and phos- 
phorus ; the vessel should be filled to the neck, and the extremity of the latter 
made to dip into the water of the pneumatic trough. In the reaction which 
ensues the water is decomposed, and both its elements combine with the phos- 
phorus. The alkali acts by Ut presence determining the decomposition of the 
water, in the same manner as sulphuric add determines the decomposition of 
wa,ter when in contact with zinc 

Water i Hydrogen _ — ---— a^Phosphuretted hydrogen. 

. ' J Oxygen 
Phosphorus 

Phosphorus. 

Lime ^ * Hypophosphite of lime. 

The phosphuretted hydrogen prepared by the latter process has the singu- 
lar property of spontaneous inflammability when admitted into the air or into 
oxygen gas ; with the latter, the experiment is very beautifiil, but requires 
caution ; the bubbles should be singly admitted. When kept Over water for 
some time, the gas los^s this property, without otherwise suffering any appre- 

* Decomposition of hydrated phosphorous acid by heat: — 

4 ea (^ ^^- Pl*o*Ph> . ^ eq. phosphai«tted hydrogen, PH,. 




(M (I eq. phosph. 

reaia^id {3«q. phosph., 
^ ^ Id eq. oxygen 

' 12 eq. J 
I water (^ 




phos- ■< i- 3 eq. hydrog 

pborous 1 JO fto 3 ® ®^- hydrog.,^ ^^ 
acid I ^^V 1 3 «Q- oxvgen ^'^'^.^ _^ 3 eq. phos. ac. ( Hydrated 



9 eq. oxygen ^'^s*!) eq. water ( phosphoric acid. 
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ciable change; bat if dried by chloride of calcium, it may be kept unaltered 
for a much longer period. Charcoaland other porous absorbents destroy the 
spontaneous inflammability of the gas, and the same effect is produced l^ a 
minute quantity of several conibustible bodies, as the vapor of potassium and 
of ether or essential oil. The property is conferred upon phosphuretted hy- 
drogen from either source, by the addition of ati exceedingly small quatitity of 
nitrous acid va.por.* The effect is no doubt due to the presence of a trace of 
some phosphoms-oompound, possibly an' oxid^, which has not yet been iso- 
lated.f Phosphuretted hydrog^:i decomposes severa!! metallic solutions, giving 
rise to precipitates of insoluble phosphurets. With hydriodic acid it forms a 
crystalline compound, somewhat resembling sal-ammoniac. 

Nitrogen with chlorine and iodifu; chloride of nitrogen, — ^When sal-ammoniac 
or nitrate of ammonie^ is dissolved in water, and a jar of chlorine gas inverted 
inta the solution, the gas is absorbed, and a deep yellow oily Hquid is observed 
to collect upon ^e surface of the solution, which ultimately sinks in globule^ 
to the bottoniw This is chloride of nitrogen, the most dangerously-explosive 
subetapce knowti. The following is the safest method of conducting the ex* 
periment: — 

A Qomewhat dilute and tepid solution of pure sal-amtaoniac in distilled 
water is poured into a clean basin, and a bottle of chlorine, the neck of which 
is quite free from grease, inverted into it A shallow and heavy leaden cup 
is placed beneath the mouth of the bottle to collect the product When enough 
has been obtained, the leaden vessel may be withdrawn with its dangerous 
contents, the chloride remaining covered with ,a stratum of water. The 
operator should protect his face with a strong wire-gauze mask when, experi- 
menting upon this substance. 

The change is explained by the following diagram : 

Chlorine — ; :^ : ^^^^^<--^ Chloride of nitrogen. 

Chlorin e ■ ■ — , . ^^. '^-^ ■'\L>.^-' Hydrochloric acid. 
^ ( Nitrogen "^ ' 

Sal-ammoniac < (Hydrogen 

( Hydrochloric acid Hydrochloric acid. 

Chloride of nitrogen is very volatile, and its vapor is exceedingly irritating 
to the eyes. It has a specific gravity of 1*663. It may be distilled at 160°, 
although the experiment is attended with great danger. Between 200° and 
212° it eiplodes with the most fearful violence. Contact with almost any 
combustible matter, as oil or fat of any kind, determines the explosion at com- 
mon temperatures J a vessel of porcelain, glass, or even of cast-iron, is broken 
to pieces, and the leaden cup receives a deep indentation. This body has 
usually been supposed to contain nitrogen and chlorine in the proportions of 

* Graham, Elements, p. 298. 

t Phpaphonis and hydrogen are admitted to combine in three proportions (Leveyner, 
An. de Ch. and Ph., Ix. 174), forming a solid phosphuretted hydrogen (PH), a spontane- 
ously inflammable phosphuretted hydrogen (PH,), and A gaseous phosphuretted hydro- 
gen. The solid phosphuretted hydrogen is deposited when the gaseous compound (PH,) is 
exposed to the sun's rays. It is a yellow powder, insoluble in water, and decomposable 
by heat. 

The spontaneously inflammable phosphuretted bydrogeil is liquid below 5(P, colorlesi 
and transparent, very inflammable.. (P. Thenard, Bev. Scientif. Aout, 1844.) Xt accom- 
panies the gaseous compound in the amount of about one-thirtieth of its volume, and 
communicates to it the spontaneous inflammability. The loiss of this pmperty on expo- 
sure to light is explained by the spontaneously inflammable compound (PH,), being 
decomposed into solid phosphuretted hydrogen (PH), which is deposited, and gaseous 
phosphuretted hydrogen (PH,). Thfc gaseous phosphuretted hydrogen is noticed in the 
text, contaminated, however, with one-thirtieth of its volume of the spontaneously in- 
flamiiiable eompound. It may be obtained pure by acting on phosphurct of lime with 
fuming hydrochloric acid ; by a slight heat it is liberated in the gaseous state.— R. B. 
10 
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14*06 parts of the fbrmet to 106*23 i>arts of the latter, but recent experiments 
upon the corresponding iodine-compound induce a belief that it contains hy- 
drogen.* 

Jhdide of nUrogen.-^'When finely-powdered iodine is put into caustic ammo* 
nia it is in part dissolved, giving a deep brown solution, and the residue is 
converted into a black powder, which is the substance in question, llie brown 
liquid consists of hydriodic acid holdingiodine in solution, and is easily sepa- 
rated from the solid product by a filter. The latter while still wet is distri- 
buted in small quantities upon separate pieces of bibulous paper, an^ left to 
dry in the air. / 

Iodide of nitrogen is a black insoluble powder, which, when dry, explodes 
with the slightest touch, even that of a feather; and sometimes without any 
obvious cause, The explosion is not nearly so violent as that of the com- 
I)ound last described, and is attended with the prodactioii of violent fumes of 
iodine. 

OTHEB COMTOUITBS 0(F ITOK-MSTALUC ELXJCXlTTfli 

Chbrme wUk mJphmar and phosphorus. — ChJoride of sulpkur. — ^This compound 
is easily prepared by passing dry chlorine over the surface of sulphur kept 
melted in a small glass retort connected with a good condensing arrangements 
The chloride distils over as a deep orange-yellow mobile liquid, of peculiar 
and diabgreeable odOur, which boils at 280^. As this substance dissolves both 
sulphur and chlorine, it is not easy to obtain it in a pure and definite state. It 
contains 32*18 parts sulphur and 35*41 parts chlotine.t 

Chloride of sulphur is ijistantly decomposed by water; hydrochloric and hy- 
]x>sulphurous acids are formed, and sulphur separated. The hyposulphurous 
acid in its turn decomposes into sulphur and sulphurous acids. 

Chlorides of phosphorvts. — Terchhnde^ — ^This is prepared in the same man- 
ner as chloride of sulphur, by gently heating phosphorus in dry chlorine gas, 
the phosphorus being in excess. Oir, by pasang the vapor of phosphorus over 
fragments of calomel (sub<;hloride of mercury) contained in a glass tube and 
strongly heated. It is a colorless, thin liquid, which fumes in the air, and 
I)osse8ses a powerful and offensive odor. Its specific gravity is 1*45. Thrown 
into water, it sinks to the bottom of that liquid, and bec(Hnes slowly deoom* 
posed, yielding phosphorous acid and hydrochloric acid. T\na compound con- 
tains 31'38 parts phosphorus and. 106*23 parts chlorine. 

PerMnride of phoiphonu.^— The compound formed when phosph(»ms is 
burned in excess of dilorine. Into a large tetort, fitted with a cap and stop- 
cock, pieces of phosphorus are introduced; the retort is then exhausted, and 
filled with dry chlorine gas. The phosphorus takes >fije and bums with a 
pale flame, forming a white, volatile, ciystalline subUmate, which is the per- 
chloride* It may be obtained in larger quantity by passing a stream of dry 
chlorine gas into the preceding liquid chloride, which becomes gradually con- 
verted into a solid, crystalline mass. Perchloride of phosphorus is decomposed 
by water, yielding phosphoric and hydrochloric acids. . 

Chlorine and carbon. — ^Three compounds of chlorine and carbon are known 
to exist One of them is obtained indirectly by the action of chlorine upon 
certain organic compounds, and the two others are derived firom the decom- 
position by heat of the first. They are described in connection with the his- 
tory of alcohol. 

Iodine with sulphur at^d phosphorusj^— These compounds are formed by gently 
heating together the materials in vessels &om which the air is excluded. They 

• Instead of NCli, it may in reality be NFI«4*CI, or chloride of amidogm. 

fSfcCi. J PCI.. . iPci,. 



NON'mTAXXIC EI.E1EBKT8. 147 

present few- points of interest The iodides of phosphorus, prepared in this 
manner, ar^ fusible, crystalline su^tances, which decompose by contact with 
water, and yield hydriodic acid and phosphorus, or phosphoric acid. 

Chlorine vnth iodine, — Iodine readily absorbs chlofihe gas, forming when the 
chlorine is in excess, a solid, yellow compound, and when the iodine prepon- 
derates, a brown liquid. The solid iodide U. decomposed by water, 3rielding 
hydrochloric and iodic ^cids.* 

Another definite compound is formed by heating in a retort a mixture of 1 
part iodine and 4 parts chlorate of potash; oxygen gas and chloride of iodine 
are disengaged, and the latter may be condensed by suitable means. lodate 
and hyperchlorata of potash remain in the retort 

This chloride of iodine is a yellow, oily liquid, of suffocating smell and 
astringent taste; it is solijible in water and alcohol without decomposition. 
It probably consists of 126*36 parts iodine, and 35'41 parts chlorincf 

Carbon and 9tdpkur.^—Bi8ulph!uret of carbon.-^A wide porcelain tube is filled 
with pieces of charcoal which have been recently heated to redness in a 
covered crucible, and fixed across a furnace in a slightiy inclined position. 
Into the lower extremity a tolerably wide tube is secured by the aid of a 
cork; this tube bends downwards and passes ne^ly to the bottom of a bottle 
filled with fragments of ice and a little water. The porcelain tube being 
heated to bright redness, fragments of sulphur are thrown into the open end, 
which is unmeiliately afterwards stopped by a cork. The sulphur melts and 
becomes converted into vapor, which, at that high temperature, combines 
with the carbon, forming an exceedingly volatile compound, which is con- 
densed by the ice and collects at the bottom of the vessel. This is collected 
and re<listilled with very gentle heat in a retort connected with a good con- 
denser. Bisulphuret of carbon is a transparent colorless liquid of great re- 
fractive and dispersive power. Its density is 1*272. It boils at 110° F., and 
emits vapor of considerable elasticity at common temperatures. The odor 
of this substance is very repulsive. When, set on fire ih the air it burns With 
a blue fiame, forming carbonic acid and sulphurous acid gases, and when its 
vapor is mixed wil^ oxygen it becomes explosive. 

It freely dissolves sulphur, and by spontaneous evaporation deposits the 
latter in beautiful crystals. 

* Hence it doubtless' contains I'eq. iodine, and 5 eq. cblorine, or I CI,, 
t Or single equivalents. 
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ON THE GENERAL PRINCIPLES OF CHEMICAL PHILOSOPHY. 

Thi study of the non-metallic elements can be pushed to a very considera- 
ble extent, and a large amount of precise and exceedingly important informa- 
tion acquired, without much direct reference to the great fundamentEd laws 
of diemical union ; the subject cannot be discussed in this manner completely, 
as will be obvious from occasional cases of anticipation in many of the fore- 
going foot-notes ; still much may be done by this simple method of proceed- 
ing. The bodies themselves,4n their combinations, furnish admirable illustra- 
tions of the general laws referred to, but the study of their leading characters 
and relations does not of j^ecessity involve a previous knowledge of these 
laws themselves^ 

It is thought that by such an arrangement, the comprehension of these very ' 
important general principles may become in some measure facilitated by 
constant references to examples of combinations, the elements and pjroducts 
of which havd been ali^eady described. So much more difficult is it to gain a 
clear and distinct idea of any proposition of great generality from a simple 
enunciation, than to understand the bearing of the same law when illustrated 
by a single good and familiar instance. 

Before proceeding further, however, it is absolutely necessary that these 
matters should be discussed; the metallic compounds are so numerous and 
complicated, that the establishment of some general principle, some connect-' 
ing link, becomes indispensable. The doctrine of equivalents, and the laws 
which regulate the formation of saline compounds, supply this deficiency. 

In the organic department of the science, the most interesting perhaps or 
all, a knowledge of these principles, and further, an acquaintance or even 
familiarity with the beautiful syst^n of chemical notation now in use, eire 
absolutely required. This latter is found of very great service in the study 
of salts and other complex inorganic compounds, but in that of organic che- 
mistry it cannot be dispensed with. 

It will be proper to commence with a simple statement of four great funda- 
mental laws of chemical union; the only laws in fact which have yet been 
shown to hold good universally-^ 

The latM of etmbination. 

1. All chemical compounds are definite in their nature, the ratio of the 
elements being constant 

2. When any body is capable of uniting with a second in several propor- 
tions, these proportions bear a simple relation to each other. 

3. If a body, A, unite with other bodies 6, C, D, the quantities of B, C, D, 
which unite with A, represent the relations in which they unite among 
tfiemselvee^ in the event of union taking place. 

4. The combining quantity of a compound is the simi of the combining 
quantities of its components. 

(1.) Constanicif of con^situm. — That the same chemical compound invaria- 
bly contains the same elements uuited in unvarying proportions, is a propo- 
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ntion almost axiomatic ; it is involved in the very idea of identity itself. The 
oonverse^owever, is very far from being true; the same elements combining 
in the same proportions dp not of necessity g^erate the same substance. 

Organic diemistry fiirmshes mimerous instances of this very remarirabie 
fact, in which the greatest diversity of properties is associated with identic of 
chemical composition. These cases seem to be confined to organic chemistry; 
no well-established and nndoabted example being known .in the inorganic or 
mineral division of the science. 

(2.) MMpU proportions. — Illustrations of this simple and beautiful law 
abound on every side ; let the reader take for example the compounds of ni« 
trogen and oxygen, five in number, containing the proportions of the two ele- 
ments so described that the quantity of. pne of them shall remain constant- 
Nitrogen. Oxygen. 

Protoxide . . . , ., . . 14-06 8 

Beutoxide . . . ... . 1406 16 

Hyponitrous acid . ... . 14*06 24 

Nitrous acid ..... 14*06 32 

Nitric acid . . . . . . 14*06 40 

It will be seen at a glance, that while the nitrogen remains the same, the 
quantities of oxygen increase by madtiplet of 8, or the number representing the 
quantity of that substance in ^e first compound; thus 8, 8x2, 8x3, 8X4, 
and 8X5 give respectively the oxygen in th^ protoxide, the deutoxide, hypo- 
nitrous acid, nitrous acid, and lastly, nitric acid. Again, carbonic acid contains 
exactly twice as. much oxygen in proportion to the other constituent as car- 
bonic oxide ; the peroxide of hydrogen is twice as rich in oxygen as water ; 
the corresponding sulphurets exhibit the same phenomena, while the metallic 
compounds offer one continued series of illustrations of the law, although the 
ratio is not always so simple as that of 1 to 2. 

It often happens that one or more members of a series are yet defident; the 
oxides of chlorine afford a good example. 

Chlorine. Oxygen. 
Hypochlorous acid . . ... 35*41 8 

Chlorous acid 35*41 32 

Chloric acid . . ' . . . 35*41 40 

Hyperohloric add . . . . 35*41 56 

Here the quantities of ox3rgen progress in the fcdlowingoider:— -8, 8X4, 
8x5, 8x 7 ; gaps are manifest between the first and second substances, and 
between the third and fourth; these remain to be filled up by future researches. 
The existence of a simple relation among the numbers in the second column is, 
however, not the less evident Even when dificulties seem to occur in apply- 
ing this principle^ they are only apparent, and vanish when closely examined. 
In the highly complex sulphup^eries, given at p. 113, the numbers placed in 
each column are multiples of the lowest among them, and by making the as- 
sumption, which is not at all extravagant, that the two last named bodies are 
combinaticms of hypofl^phuric acid and sulphur, we may arrange the four 
direct compounds in sudi a manner that the sulphur shall remain a constant 
quantity. 

Salphnr. Oxygen. 

Hyposulphuroos add .... 32*18 16 

Sulphurous add . . . . 32-18 ' 32 

Hyposulphuno add . . . . 32-18 40 

Sulphuric add . . . . 32-18 48 
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Compound lx)dies of all kinds are also subject to thejaw of multiples wben 
thejr unite among themselves, or with elementary substances. There are two 
sulphates of potash and soda: the second contains twice as much acid in re^ 
lation to the alkaline base as die first There are three oxalates of potash, 
namely, the simple oxalate^ the binoxalate, and the quadroxalate ; the second 
has equally twice as much acid as the first, and the third twice as much as 
the seooiid. Many other cases might be cited, but the student, once in posses^ 
sion of the principle, will easily notice them as he proceeds. 

(3.) Law of e;ufpailm^s.r— It is highly important that the dubfect now to be 
discussed should be completely understood. 

Let a substance be <^sen whose range of affinity and powers of 60mlnna> 
tion are very great, an(\ whose compounds are susceptible of rigid and exact 
analysis; sudi a body is found in oxygen, whic^ is known to unite with all 
the elementary substances, with the single exception of fluorine. Now, let a 
series of exact experiments be made to determine the proportion in which the 
different elements combine with one and the same constant quantity of oxygen, 
which, for reasons hereafter to be explained, may be assupied to be 8 parts by 
weight ; and let these numbers be arranged in a column opposite the names of 
the substances* The result is a table ox list like the following, but of course 
much more extensive when complete. 

Oxygen 8 

" ' ' ■ i ■ ■» 

Hydrogen . 1 

Nitrogen 14'06 

Carbon ....... 6 

Sulphur 16<)9 

Phosphorus 31*38 

Chlorine . . \ . . . . 35-41 

Iodine . . . . ^ , . 126'36 

Potassium . ... . . 39*19 

Iron ... . . . . , 27*14 

Copper . . 31*6 

Lead . ...... 103-66 

Silver . . . . .. ... .. 108-12 

&c., &c 

Now the law ifi question is to this effect:^ If such num^s represent the 
proportions in which the different elements combine with the arbitrarily fixed 
quantity of the starting-substance, the oxygen, they also represent thepropoi^ 
iwM im wkick they wnte among themtekfes, or at any rate bear some exceedingly 
simple ratio to those piroportions. v ; 

Tims hydrogen and chlorine combine invariably in the proportions 1 and 
35*41 ; hydrogen and sulphur, 1 to 16'09 j chlorine and silver, 35*41 to 108*12 j 
iodine and potassium, 126^36 parts of the former to 39*19 of the latter, &c. 
This rule is never departed from in any one instance. 

The term eqmoaJitU is appHed t(^ these numbers ^^r a reason which will 
i^ow be perfectiy intelligible; they^^epresent quantities capable of exactiy re- 
placing each other in combination: 1 part of hydrogen goes as far in com- 
bining with or saturating a certain amount of oxygen as 27*14 parts of iron, 
39*19 of potassium, or 108*12 of silver; for the same reaamyihe munbers axe 
said to r^resent cofMidng qwrntitieSy or proportvmalt. 

Nothing is more common than to speak of so many equivalents of this or 
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that subftaaee being united to one or more equivalents of a second ; by this 
expression, qdantities axe meant just so many^imes greater than these reia* 
tiye numbers. Thus sulphuric acid is said to contain one equivalent of 
sulphur, and three equivalents of oxygen; that is, a quantity of the latter, 
represented by three times the oombinixig number of oxygen,* phosphotio 
acid is made up of 1 equivalent of phospliorus and 5 oxygen ; ^e red oxide 
of iron contains, as Will be seen hereafter, 3 equivalents of oxygen to every 2 
equivalents of metal, &c. It is an expression which will henceforward be 
freely and constantly employed ; it is hoped, therefore, that it will be under- 
stood. The nature of the law will easily show that the ohoice of the body 
destined to ^erve for a point of departure is perfectly arbitrary, and regulated 
by considerations of ccmv^nience alone. 

A body may be chosen which refuses to unite widi a great number of the 
elements, and yet the equiva^nts of the latter admit of being determined by 
indirect mean^, in virtue of the very peculiar law under discussion. Oxygen 
does not unite with fluorine, yet the equivalent of the latter can be found by 
observing the quantity which combines with the eqtdoakfU quantity of hydro- 
gen or calcium, already known. We may rest assured that if an oxide be 
ever discovered^ its elements will be associated in the ratio of 8 to 18*7, or in 
numbers whidi are either multiples or sub-multiples of these. 

The number i^ssigned to the st^arting-substance is also equally arbitrary; ifj 
in the table given, oxygen instead of 8 Were made 10, or 100, or even a frac- 
tional number,^it is quite pbvioqs that although the other numbers would all 
be difierent, tfa^ ratioy or prppoilion among the whole, would remai^ unchanged, 
and the law would still be maintained in all its integrity. 

There are in iact two such tables in use among chemists ; one in which 
oxygen is madeeoS, and a, second in. which it is madeaslOO; the former is 
generally used in this country, and the latter on the continent The only 
reason for giving, as in the pres^it volume, a preference to the first is, that 
the numbers are smaller and more easily remembered. 

The number 8 has been chosen in this table to represent oxygen from an 
opinion long held by a. very eminent English chemist, and recently to appear- 
ance substantiated in some remarkable instances by very elaborate investiga- 
tion, that the equivalents of all bodies are multiples of that of hydrogen; and 
consequ^itly, by making the latter unity, the numbers would be all integers. 
The question must be considered as altogether unsettled. A great stumbling- 
bloek to such a view is presented by the case of chlorine, which certainly 
seems to be a fractional number; and <Hie angle well-established exception 
will be fatal to the h3rpothe8i8. 

As all experimental investigations are attended with a certain amount of 
erm, the results contained in- the following table must be looked upon merely 
as good approximations to the truth. For the same reason, small diiSerences 
are often observed in the determination of the equivalents of the same bodies 
by diffisvent experimenters, of which some notice will be found in the Ap- 
pendix. 
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TABLl 07 ELBXEITTABT SUBSTAVCTES, WITH THBIB -X«,17ITALB]m. 

V 




Oxy.«a 


Oxy.=»100. 


- 


Oxy.— & 


Qxy.-lOO. 


Aluminium 


. 13-69 


171-17 


Mercury . 


. 101-27 


1266-82 


Antimony 


. 129-04 


1612-90 


Molybdenum 


. 47-88 


598-52 


Arsenic . 


. 75-21 


940-08 


Nickel . , 


• 29-57 


369-68 


. Barium 


. 68-55 


856-88 


Nitrogen . 


. 14-06 


175-76 


Bismuth . 


. 70-95 


886.97 


Osmium . 


. 99-56 


1244-49 


Boron 


. 10-90 


136-20 


Oxygen . 


. 8- 


100- 


Bromine . 


. 78-26 


978-31 


Palladium 


. 63-27 


665-90 


Cadmium 


. 55-74 


696-77 


Phosphorus 


. 31-33 


392*28 


Calcium . 


. 20- 


250- 


Platinum . 


. 98-68 


1233-60 


Carbon 


. 6- 


75- 


Potassium 


. 39-19 


489*92 


Cerium 


. 45-98 


674-70 


Rhodium . 


. 52-11 


651-39 


Chlorine . 


. 36-41 


442-65 


Selenium .. 


. 39^67 


494-58 


Chromium 


. 28-14 


361-82 


Silicon 


. 22-18 


277-31 


Cobalt 


-. 29-52 


368 99 


Silver 


. 108-12 


1351-61 


Columfoium 


; 184-59 


2307-43 


Sodium 


. 23-27 


290-90 


Copper 


. 31-65 


395-70 


Strontium 


. 43-78 


647-29 


Fluorine . 


• 18-70 


233-80 


Sulphur . 


. 16-09 


. 201*17 


Glucinum 


. 26-50 


331-26 


Tellurium 


. 64-14 


801*76 


Gold 


. 99-44 


1243- 


Thorium . 


. 59-59 


744-90 


Hydrogen 


. 1- 


12-5 


Tin . 


. 68-82 


735-29 


Iodine 


. 126-36 


1579-50 


Titanium . 


. 24-29 


303-66 


Iridium 


. 98-68 


1233-60 


Tungsten .- 


. 94-64 


1183- 


Iron 


. 27-14 


339-21 


Vanadium 


. 68-55 


856-89 


Lantanum 


• 




Uranium • 


' . 60- 


750- 


Lend 


. 103-56 


l?94-50 


Yttrium . 


. 32-20 


402-51 


Lithium . 


. 6-43 


80-33 


Zinc 


. 33-00 


412-60 


Magnesium 


. 12-67 


168*36 


Zirconium 


. 33-62 


420-20 


Manganese 

1 ' — 


. 27-67 

"1 


345-89 




•\ 






(4.) Combining munbert of compowndt. — ^The law states that the equivalent 
or combining number of a compound is always the sum of the equivalents of 
its components. This is also a great fundamental truth, which it is neoessaiy 
to place in a clear £^nd conspicuous light. It is a separate and independent 
law, established by direct experimental .evidence, and not deducible fiom 
either of the preceding. 

The method of investigation by which the equivalent of a simple body is 
determined, has been already explained; that employed in the case of a com* 
pound is in no wise di^rent Take the example of the acids and alkalies as 
being the most explicit, and at the same time most important An acid and 
a bcuse, combined in certain definite proportions, neutroHze, or mark each 
other's properties completely, and the result is a salt; these proporti£»is are 
called the equivalents of the bodies, and they aro very variable. Some have 
very high capacities of saturation, of others a much larger quantity must be 
employed to neutralize the same amount of base ; the bases themselves pre- 
sent also similar phenomena. Thus, to saturate 47*19 parts of potash, or 
116*12 parts of oxide of silver, there are required 

40*09 parts sulphuric acid, 
64-06 " nitric acid, 
75-41 « chloric acid, 
166-36 « iodic acid, 
51* ** acetic acid. 
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Numbers veiy difl^ent, but representing^ quantities which replace each 
other in combination. Now, if a quantity of some base, such as potash, be 
taken, which is represented by the sura of the equivalents of potassium and 
oxygen, then the quantity of any acid requisite for its neutralization, as deter- 
mined by direct experiment, will always be found equal to the sum of the 
equivalents of the different components of the acid itself. 

39*19 =r equivalent of potassium. 
8* = " oxygen. 

47*19 == assumed equivalent of potash. 

47*19 parts of potash are found to be exactly neutralized by 40*09 parts of 
real sulphuric acid, or by 54*06 parts of real nitric acid. These quantities are 
evidently made up by adding together the equivalent of their constituents *.— 

1 equiv. sulphur «■ 16*09 , 1 equiv. nitrogen — 14*06 

3 ** ojrygen «■ 24* 5 " oxygen »■ 40* 

1 ** sulphuric acid « 40*09 1 « nitric acid » M*06 

And the same is true if any acid be taken, 'and the quantities of different 
tnses required for its neutralization determined; the combining number of the 
compound will always be found to be the sum of the combining numbers of 
its components, however complex the substance may be. Even axQong such 
bodies as the vegeto-alkalies of organic chemistry, the same universal rule 
holds good. When salts combine, which is a thing of very conunon occur- 
rence, as will hereafter be seen, it is always in the ratio of the equivalent 
numbers. Apart from hypothetical considerations, no d priori reason can be 
shown why such shbuldbe the case; it is, as before remarked, an independent 
law, estabUshed like the rest, by experiment 



A curious observataon was very early made to this effect :-^If two nential 
salts which decompose each other wh0n mixed, be brought in contact, the 
new compounds resulting iiom their nmtual decomposition will also be neu- 
tral. For example, when solution of nitrate of baryta and sulphate oi potash 
are mingled, they both saffet decomposition, sulphate of barjrta and nitrate of 
potash being simultaneously formed, both of which are .perfectly neutral. 
The reason of this will be at once evident; interchlmge of elements can only 
take place by the displacement of equivalenf quantities of matter on either 
side. For every 54*06 parts of nitric add set free by the decomposition of 
the barytic salt, 47*19 parts of potash are abandoned by the 40*09 parts of 
sulphuric acid with which they were previously in combination, now trans- 
ferred to the baiyta. But 54*06 and 47*19 are the representatives of combin* 
ing quantities; hence the new compound must be neutral. 



CombinaHon by voAnne.— When gaseous bodies combine, it is always by mea- 
sures or volumes which bear a simple relation to each other. The cause of 
this curious and highly interesting fact may thus be traced. 

8 grains of oxygen occupy at 60^ and 30 in. ban>m. 23-3 cubic in. 

1 grain of hydrogen 46*7 

35*41 grains of chlorine . ... . . 46*2 

126*36 grains of iodine vapor (would measure) . 46*7 
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The last three numbers of the aeoond oolumn, representing volumes, are 
evidently the same, allowing for slight inevitable errors of experiment, and 
are the double of the first; the weights to which they correspond are the 
equivalent weights. Hence a relation exists between the specific gmvity of a 
gas or vapor and its combining number by weight, of such a nature that opm- 
bination neceaarily takes place among bodies of this dass by measures which 
have a simple proportion among themselves. The many cases of gaseous 
combination already mentioned in the description of the non-metallic elements 
and their compounds, are strictly in point; oxygen with hydrogen and chlo- 
rine; hydrogen with sulphur and phosphorus; oxygen with nitrogen, &c. &c. 

Compound gases behave in the same manner; ainmania' and hydrochloric 
acid gases unite in equal volumes; chlorine and heavy carburetted hydrogen 
afibrd another example; even with the vapors of complicated org^mic liquids 
the same fatst is constantly observed. 

This relation between density and combining number is admirably shown 
by the following table, embracing a few cases, in which the two are placed 
side by side, hydrogen being taken as unity. 



Hydrogen 
Nitrogen. 
Chlorine 
Bromine vapor 
Iodine vapor . 
Oxygen . 
^ Phosphorus vapor 

Arsenic vajKnr 
Sulphur vapoF 
[Mercury vapor 

This law often serves to check and corroborate the results of experimental 
investigation, and is consequently of great praetioal utili^. 

There is an expression sometimes made use of in chemical writings which it 
is necessar]F to explain, namely, the meaning of the words hfpolhetictd demitif 
ef vapoTj applied to a substance Whudi has never been volatilized, such as 
carbon, whose real specific gravity in that state must of course be unknown ; 
it is easy to understand the origin of this term. Carbonic acid contains a 
volume of oxygen equal to its own; consequently, if the specific gmvity of 
the latter be subtracted from -that of the former gas, the reddue will express 
the proportion borne by the weight of the carbon, certainly then in a vaporous 
state, to that of the two gases. 





/• - 


Combining 


Density. 


Eqnal. volaraes. 


1- 


1- 






. 14-03 


. 14-06 . 






36-64 


. 35-41 . 






. 78- 


. 78-26 . 






, 126- 


. 126-36 . 






. 16- 


8- 






62- 


. • . 31-38 . 






. 150. 


. 76-21 . 






96- 


. 16-09 . 




• • 


101- 


. 101-27 . 





The specific gravity of carbonic acid is 
That of oxygen is ... . 



. . . 1-5240 
. 1-1057 

•4183 

On the supposition that carbonic acid contains equal volumes of oxygea 
and this vapor of carbon, condensed to one-half, the latter will have the 
density represented by *4183. But this is merely a supposition, a guess; no 
proof can be given that carbonic acid gas is so constituted. All that can be 
safely said is contained in the prediction, that should the spedfio gmvity of 
the vapor of carbon ever be determined, it will be found to coincide with this 
number, or to bear some simple and obvious relation to it. 
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Such is a brief account of the great laws by^ which chemical comlnnationf, 
of every kind, are goremed and regulated ; and it cannot be too often repeated 
that the discovery of these beautiful lawsh as been the result of pure experi* 
mental inquiry. They have been established on this firm and stable fi)undaF 
tion by the joint labors of very many illustrious men ; they are the expression 
of fact, and are totally independent of all hypotheses or theories whatsoever. 

Chemieal notation; nfmbols. — ^For convenience in communicating ideas re- 
apectijBg the composition, and supposed constitution, of chemical compounds, 
and explaining in a clear and simple manner the results or changes they may 
happeh to undergo, recourse is had. to a kind of written symbolical lai^guage, 
the principle of which must now be explained. To represent compounds by 
symbols is no novelty, as the works of the Alchemists will show, but these 
luLve been mere arHtmry marks or chataotevs invented fof the sake of brevity, 
or sometimes perhaps for that of obscurity. . . ' 

The plan. about to be described is due to Berzelius; ithae been adopted, 
with slight modifications, wherever chemistry is pursued. 

Every elem«itary substance is designated ^ytfae first letter- of its Latin 
name, in capital, or by the fltst letter conjoined with a second small one, the 
most characteristic in the word, as the names of many bodies begin alike. 
The single letter is usually confined to the earliest discovered, or most im- 
portant element Further, by a most ingenious idea, the symbol is noade to 
represent not the substance in the abstract, but one eqimaknt ef that wbtttmce. 

TabUijf wynAoU of the duumtary bodiet. 

Mercury (Hydiargymm) . Hg 

Molybdenum . . . Mo 

Nickel . . . . Ni 

Nitrogen: . . . . N 

Osmium . . . . Os 

QxjTgen . . . . O 

Palladium . . . . Pd 

Phosphorus . . . P 

Platinum . . . . Pt . 

Potassium (Kalium) . . K 

Rhodium . . . . R 

Selenium ... . Se 

Silicon . . . .Si 

Silver (Argentum) . . Ag 

Sodium (Natrium) . . Na 

Strontium . . . . Sr 

Sulphur . . . . S 

Tellurium . . . . Te 

Thorium . . . . Th 

Tin(Stannum} . . . Sn 

Titanium . #r . . . Ti 

Tungsten (WoUmminm) . W 

Vanadium .... V 

Uranium . . . . U 

Yttrium . . . . Y 

Zinc .... Zn 

Zirconium . . . . Zr 



Aluminum 


. . Al 


Antimony (Stibium) 


. Sb 


Arsenic . 


. As 


Barium . 


. . Ba 


Bismuth 


. Bi 


Boron . 


. B 


Bromine 


. Br 


Cadmium 


. Cd 


Calcium 


. . Ca 


Carbon . 


. C 


Cerium . 


. . Ce 


Chlorine 


. . CI 


Chromium 


. Cr 


Cobalt . 


. Co 


Columhium . 


. Ta 


Copper (Cuprum) . 


. Cu 


Fluorine 


. F 


Glucinum' . 


. G 


Gold (Aurum) 


. Au 


Hydrogen . . 


. H 


Iodine . . . , 


. I 


Iridium 


. Ir 


Iron (Ferrum) 


. Fe 


Lantanum 


. Ln 


Lead (Plumbum) . 


. Pb 


Lithium 


. L 


Magnesium . 


. Mg 




. Mn 
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ComlniuUkiii between Inclies in the ntioortfae eqiiinJeiiUis«zpieMedIif 
mere jaxiB.poaitioo of ilia symbold, or w^etimes by imerpoiing lite aign of 
addition. Fat example: ' 

Waiet . . . HO, OT H+O 

Wjdrocbiotic acid HCI, oi H+CI 

Fiotoxide of itoD FeO, oi Fe+O. 

When mora than one eqaivaletil is intended, a mit^e nnlnbeT ii added, 
BOtnetimes being placed before the symbol, like a co-efflcient in algebra, Bome- 
times appended after ihe tnannei'of an exponent, but mora commonly placed 
a little below on die right. 

Peroiida of hjdiogen H+SO, or HO^ or HO, 
Sulphuric acid . . S+30, ot S0>, oi Sa 
Hrpomdphucic acid 2S+X>, or 8*0*, or ^0^. 

Cranbiiialioo between bodiea diemaelret compotmd, ie indicated by the sign 
of eddition, or by a oomma. Whan both ara used in the same ibrmtila, the 
latter may be very convenienllp appUed, as Profesaoi Graham haa raggeelad, 
to indicate the cloeest and most intimate onion. A nombei standing befbre 
aymboU enclosed widiiD a bracket, aignifiei that the whole of the latter ate to 
bis multiplied by that number. Ocoasionallf the biackel ii omitted, when the 
number affects all Ihe symbols between itself and ttie next sign. A few ex- 
amples will serve to iUusttaie these Beveial points. 



The base being always placed first. 



Common cryatallized alnm, or double sulphate of ahmiina and potash, is 



AljO,, aSOj+KO, SOj+24HO. 

In expressing o^anic compound^ where three or mora elements exist, the 
same plao is used. 

Sugar . C 
Alcohol C, 
Acetic acid C, 
Morphia C, 
Acetate of morphia C, ^fifit 

Acetate of soda . . N 

By SDch a system, Ihe eye is enabled to embrace the whole at a glance, and 
gain a distinct idea of the composition of the body and its relations to others 
similarly descsibed. 



Bome anlhors are in the habit of malting use of contractions, which, how- 
BTer, are by no means genenilly adopted. Thus, two equivalents of n siib> 
nance are indicated by the symbol with a sboii line drawn threap or below 
it; an eqniTsleiit of oxn^n is signiSed bj a dot, and one of solphur bf a 
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comma. These altetations are sometimes oohvenient for abbreviating a long 
formula, but easily liable to mistakes. Thus, 

• • • 

Perazide of iron Fe O,, or Fe, instead of Fe^O, 

Bisolphuret of Carboki C, instead of CS^ 

... — . •>• • 
Ciystallized alum at abpve Al S3-|-K$+24H. 

The Jjtotmc Theory. 

That no attempt should have been made to explain the reason of the very 
remarkable manner in which combination occurs in the production of che- 
mical compounds, and to point out the nature of the relations between the 
difierent modifications of matter which fix and determine these peculiar and 
definite changes, would have been unlikely, and in contradiction with the 
speculative tendency of the human mind. Such an attempt, and a very inge- 
nious and successful one it is, has be^i made, namely, the atomic hypothesis 
of Dr. Dalton. 

From very ancient times, the question of the constitution of matter with 
respect to divisibility has been debated, some adopting the opinion that this 
divisibility is infinite, and others, that when the particles become reduced to 
a certain degree of tenuity, far indeed beyond any state that can be reached 
by mechanical means, they cease to be further diminished in magmtude ; they 
become, in short, tUonu.* No^ however the imagination may succeed in 
figuring to itself the condition of matter on either view, it is hardly necessary 
to mention that we have absolutely no means at our disposal for deciding such 
a question, which remains at the present day in the same state as when it 
first engaged the attention of the Greek phildsc^hers, or perhaps that of the 
sages of Egypt and Hindostan long before them. 

Dr. Dalton's hypothesis sets out 'by assuming the existence of such atoms 
or indivisible particles, and states, that compounds are formed by the union 
of atoms of different bodies one to one, one to two, &c The compoimd atom 
joins itself in the same manner to a compound atom of another kind, and a 
combination of the second order results. Let it be granted further, that the 
relative weights of the atoms are in the proportions of the equivalent number^ 
and the hypothesis becomes capable of rendering consistent and satis&ctory 
reasons for all the consequences of those beautiful laws of combioation lately, 
discussed. 

Chemical compounds must always be definite ; they must always contain 
the same number of atoms, of the same kind, arranged in a similar manner. 
The same kind and number of atoms need not, however, of necessity produce 
the same substance, for they may be differently arranged; and much depends 
upon this circumstance. 

Again, the law of multiple proportions is perfectly w;ell explained; an atom 
of nitrogen unites with one of oxygen to form laughing^ gas; with two, to 
farm binoxide of nitrogen; with three, to produce hyponitious add ; with ibur, 
nitrous acid; and with five, nitric add, — perhaps something after the maimer 
represented, (fig. 116.,) in which the drcle with a cross represents the atom 
of nitrogen, and the plain circle that of oxygen. 

* Atc^9c, that which cannot be cut 
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Hyponitrons Nitroat Nitrie 

Protoxide. Deatoxide. acid.^ acid. - acid. 
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Two atoms of one substance may miite themselres widi three ot even with 
seven of another, as in the case of one of the acids of manganese, but such 
combinations are rare. 

The mode in which bodies replace, or may be substituted for each other, 
is also perfectly intelligible, as a little consideration will sho^tr. 

Finally, the law which fixes the equivalent of a compound at the sum of 
the equivalents of the components, receives an equally satisfactory explana- 
tion. 

The difficulties in the general application of the atomic hypothesis are 
chiefly felt in attempting to establish some wide and universal relation be- 
tween combining number and combining volume, among gases and vapors, 
and in the case of the highly complex products of organic chemistry. These 
obstacles h&ye grown up in comparatively recent times. On the other hand, 
the remarkable observations of the specific capacities for heat of equivalent 
quantities of the solid elementary substances, might be urged in favor of this 
or some similar molecular hypo^esis. But even here serious discrepancies 
exist j we may not take liberties with eqmvalent iiumbers determined by 
exact chemical research, and in addition, all simple relation is found to be 
wanting between libie capacity for heat of the compound and that of its ele- 
ments. 

The theory in question has rendered great service to chemical science; it 
has excited a vast amount of inquiry and investigation which have contributed 
very largely to define and fix the laws of combination themselves. . In more 
recent days it is not impossible that without some such hypothetical guide the 
exquisitely beautiful relations which Mitscherlich and others have shown to 
exist between crystalline form and chemical composition, might never have 
been brought to light, or, at any rate, their discovery might have been greatly 
delayed. At the same time, it is indispensable to draw the broadest possible 
Hne of distinction between this, which is at the best but a graceful, ingenious, 
and, in its place, usefiil hypothesis,- and those great general laws of chemical 
action which are the pure and unmited result of inductive research.* 

Chemical Affinity, 

The term chemical affinity, or chemical attraction, has been invented to 
deaeribe that partknilar power or force, in virtue of which, union, often of a 
very intimate and permanent nature, takes place between two or more bodies, 
in such a way as to give rise to a fmo substance having for the most part pro- 
perties completely in discordance with those of its components. 

The attraction thus exerted between difierent kinds of matter is to be 
distinguished fiDom other modifications of attractive force which are exerted 

* The expreesion afomte weight is very often sabstitoled for that ottqwnalmi weight, 
and is, in fact, in almost every case to be anderstood as each : it is, perhaps, better 
avoided. 
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indiscziminately between all descriptions of substances, sometimes at enor- 
mous distances, and sometimes at intervals quite inappreciable. Examples 
of the latter are to be seen in cases of what is called eohuum, when the par- 
tides of solid bodies are immovably bound together into a mass. Then 
there are other effects of, if possible, a still mote obscure kind; such as the 
various actions of sur&ce, the adhesion of certain liquids to glass, the repul- 
sion of others, the ascent of water in narrow tubes, and a multitude of curious 
phenomena which are described in works on Natural Philosophy, under the 
head of moleatiar actiont. FrGfm all these true chemical attraction may be 
at once distinguished by the deep and complete change of characters which 
follows its epiertion; we might define .affinity to be a force by which new 
substances are generated. 

It seems to be a general law that bodies most opposed to each other in 
chemical properties evince the greatest tendency to enter into combination, 
and conversely, sbodies between which strong analogies and resemblances can 
be traced, manifest a much smaller amount of mutual attiaotion. For ex- 
ample, hydrc^pen and the metals tend very strongly indeed to combine with 
oxygen, dilorine and iodine; the attraction between the difierent members of 
these two groups is incomparably more feeble. Sulphur and phosphorus 
stand as it were mid- way ; they combine with substances of one and the other 
class, ^ their properties separating them sufficiently fro^i both., Acids are 
drawn towards alkalies, and alkalies towards acids, while union among them- 
selves rarely, if ever, takes place. 

- Nevertheless, chemical combination graduates so imperceptibly into mere 
mechanical mixture, that it is often impossible to mark the limit Solution 
is the result of a weak kind of affinity ftTiaring between the substance dis- 
solved and the solvent; an affinity so feeble as completely to lose one of its 
most prominent features when in a more exalted condition, namely, power of 
causing elevation of temperature, for in the act of mere solution the tempen- 
tnre fails, the heat of combination being lost and overpowered by the efiects 
of change of state. 

The force of chemical attrastion thus varies gready with the nature of the 
substances betwe^i which it is exerted; it is infiuenoed, moreover, to a very 
large extent, by external or adventitious drcumstanoes. An idea formerly 
prevailed that the relations of affinity w«re fixed and constant between the 
same substances, and great pains were taken in the preparation of tables 
exhibiting what was called the precedence of affinities. The order pointed 
out in these lists is now acknowledged to represent the order of precedence 
fir the cireumttanceM under which the experiments were made, but nothing 
more; so soon as these circumstances become changed, the order is disturbed. 
The ultimate effect, indeed, is not the result of the exercise oi one sin|^ 
force, but rather the joint eflfeot of a number, so oomplioated and so variiable 
in intensity, that it is seldom possible to predict the consequences of any yet 
untried experiment The following may serve as examples ■ of the tables 
alluded to; the first illustrates the relative affinities of a number of bases for 
sulphuric add, each decomposing the combination of the acid with die base 
below it; thus magnesia decomposes sulphate of ammonia; lime displaces 
the acid from sulphate of maghesia, &c. The salts are supposed to be dis- 
solved in water. The second table exhibits the otder of lUffinity for oxygen 
of several metals, mercury reducing a solution of silver, copper one of mer^ 
cury, &C. 
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Sulphuric acid. Oiygen. 



Baiyta, Zinc, 

Strontia, Lead, 

Potash, Copper, 

Soda, Mercury, 

Lime, ' Silver. 
Magnesia, 
Ammonia, 

It will he proper to examine shortly some of tliese extraneous caused to 
which allusion has heen made, which modify to so great an exjtent the direct 
and original effects of the specific attractive force. 

Alteration of teniperature may be reckoned among these. When metallic^ 
mercury is heated nearly to its boiling point, and in that state exposed for a 
lengthened period to the air, it absorbs oxygen, and becomes converted into a 
dark red crystalline powder. ^ This very same substance, when raised to a 
still higher temperature, spontaneously separates into metallic mercury and 
oxygen gas. It may be said^ and probably with truth, that the latter change 
is greatly aided by the tendency of the metal to assume the vaporous state, 
but precisely the same fact is observed with another metal, palladium, which 
is not volatile at alt, but which oxydates superficially at a redrheat, and again 
becomes reduced when the temperature rises to whiteness. 

Insolubility and the power of vaporization are perhaps bejrond all other 
disturbing causes the most potent ; they interfere in almost every reaction 
whidi takes place, and very frequently turn the scale when the opposed forces 
do not greatly differ in energy. It is easy to give examples. When a solu- 
tion of lime in hyvlrochloric add is mixed with a solutkm of carbonate of am- 
monia, double interchange ensues, carbonate of lime and hydrochlorate of 
ammonia being generated. Here the action can be shown to be in a great 
measure determined by the insolubility of the carbonate of lime. A^n, dry 
(^arbonate of lime, powdered and mixed with hydrochlorate of ammonia, and 
^e whole heated in a retort, gives a sublimate of carbonate of ammonia, 
while chloride of calcium remains behind. In this instance, it is no doubt 
the great volatility of the new ammoniacal salt which chiefly determines the 
kind of decohiposition. ^ 

When iron-filings are heated to redness in a porcelain tube, aiid vaxior of 
water passed over them, the water undergoes decomposition with the utmost 
facility, hydrogen is rapidly disengaged, and the iron converted into oxide. 
On the o^er hand, oxide of iron heated in a tube through which ^ stream of 
dry hydrogen is passed, sufiers almost instantaneous reduction to the metallic 
state, while the vapor of water, carried forward by the current of gas, escapes 
as a. jet of steam from the extremity of the tube. In these experiments the 
affinities between the iron and oxygen and the hydrogen and oxygen are so 
nearly balanced, that the difference of attnoqfhen is eiufficient to settle the 
point. An atmosphere of steam offers little resistance to the escape of hydro- 
g|en ; one of hydrogen bears the same relation to^ steam ; and this apparently 
tiifiing difference of circumstances is quite enough for the purpose. 

The subject of chemical affinity is one of great interest, but too abstract 
and speculative to be discussed in detail in the present work.* ^ 

What is called the ncucent state is one very favorable to chemical com- 
bination. Thus carbon and nitiogen refuse to combine with gaseous hydro- 
gen; yet when these substances are simultaneously liberated from some 

* See BIr. Grtham'i Elements, and Mr., DanielPi Introduction to Chemieal Philosophy. 
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pieTious oombioBtioD) thef unite widi great ease, as when organie matten 
aie destroyed by heat, or by spontaneous putrefiictiira change. There is a 
strange and exUaordinary, and at the same time yery extetisi've class of 
actions, grouped together under the general title of cases of dupoting affinity. 
The preparation of hydrogen from zinc and sulphuric acid is one of the most 
familiar. A piece of polished zinc or iron, put into pure water, manifests no 
power of decomposing the latter to the smallest extent ; it remains perfectly 
bright for any length of time. On the addition, howeyer, of a little sulphnria 
acid, hydrogen is at once, freely disengaged, and the metsd becomes oxidized 
and dissolved. Now the only intelligible function of the acid is to dissolve off 
the oxide as fitst as it is produced j but why is the oxide produced when acid 
is present, and not otherwise 9 the question is very difficult to answer. 

Great numbers of examples of thiis curious indirect action mig^t be adduoedi 
Metallic silver does not oxidize at any temperature ; nay more, its oxide is 
easily decomposed by simple heat} yet if the finely-divided metal be mixed 
widi ^iceous matter and alkali, and ignited, the whole fuses to a yellow 
transparent glass of silicate of silver. Platinum is attacked by fused hydrate 
of potash ; hydrogen is probably disengaged while ^e metal is oxidized; this 
is an effect which never happens to silver under the same circumstances, 
although silver is a much more oxidable substance than platinum. The fact 
is, that potash forms with the oxide of the last named metal a kind of saline 
combination, in which the oxide of platinum acts as an acid ; and hence its 
finroation under the ditposmg influence of the powerful base. 

In the remarkable decompositions suffered by various oiganic bodies when 
heated in contact- with caustic, alkali or lime, we have other examples of the 
same fact. Products are generated which are never formed in the absence of 
the base ; the reaction is invariably less complicated, and its results fewer in 
number and more definite, than in the event of simple destruction by a gradu* 
ated heat The preparation of light carburetted hydrogen by the new artificial 
process, already described, is an excellent example. 

There is yet a still more obscure class of phenomena, in whicdi effects are 
brought about by the mere preaence of a substance, which itself undergoes no 
change whatever; &e experiment mentioned in the. article on oxygen, in 
which that gas is obtained, with the greatest fheility, by heating a miJcture 
of chlomte of potash and peroxide of manganese, is an excellent case in point 
The salt, is decomposed at a very far lower temperature ^lan would otherwise 
be required. The oxide of manganese, however, is not in the sli^test degree 
altered; it is found, after the experiment, in the same state as before. . The 
nan^e katalyM is sometimes given to these peculiar actions of. contact; the 
expression is not significant, and may be for Uiat reason the more admissible, 
as it suggests no explanation. 

It is proper to remark, that the conlact^eoompositions alluded to are some- 
times mixed up with other e^Ebcts, which are, in reality, much more intelli- 
gible, as the action of finelynlivided platinum upon certain gaseous mixtures, 
in which the solid really seems to have the power of condensing the gas upon 
its greatly extended surface, and thereby inducing combinataon by bringing the 
particles within the sphere of their mutual attractions. 

MLRCTBO-CEXXICAL SXCOKVOSITIOV ; CHXMISTBT OV TBS VOLTAie MLB. 

When a voltaic purrent of considerable power is made to traverse various 
compound liquids, a separation of the elements of these liquids ensues ; pro- 
vide that the liquid be capable of conducting a current of a certain degree of 
energy, its decomposition almost always follows. * 

The elements are disengaged solely at the limiting surfaces of the liquid; 
11 
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where, according to the common mode of speech, the current enters and 
leaves the latter, all the intermediate porticms being perfectly quiescent In 
addition, the elements are not separated indifferently and at random at these 
two surfiices, but, on the contrary, make their appearance with perfect uni- 
formity and constancy at one or the other, according to their chemical charac- 
ter, namely oxygen, chlorine, iodine, acids, &c., at the surface connected with 
the copper or poaitive end of the battery; hydrogen, the metals, &c., at the siu- 
face in connection with the zinc or negative extremity of the arrangement 

The terminations of the batteiy it^lf, usually, but by no means necessarily, 
of metal, are designated as poles or ^ectrodUf* as by their intervention the 
liquid tQ be experimented on is made a part of the circuit The process of 
decomposition by the current is called electrolyat,'^ and the liquids, which 
when thus treated yield up their elements, are denominated electrolyies. 

When a pair of platinuhi plates are plunged into a glass of water to which 
a few drops of oil of vitriol have been added, and the plates connected by 
wires with the extremities of an active, battery, oxygen is disengaged at the 
jxjsitive electrode, and hydrogen^t the negative, in the proportions of one mea- 
sure of the former to two of the latter, nearly. This experiment has before 
been described^! ' ' ^ 

A solution of hydrochloric acid mixed with a little Saxon blue (indigo) and 
treated in the same manner, yields hydrogen on the negative side, and chlo- 
rine on the positive, the indigo there becoming bleached. 

Iodide of potassium dissolved in water is decomposed in a similar manner^ 
and with still greater ease; the free iodine-at the positive side can be recog- 
nised by its brown color, or by the addition of a^ttle gelatinous starch. 

£very liquid is not an electrolyte; many refuse to conduct, and no decom- 
position can then occur; alcohol, ether, numerous essential oils, and other 
products of organic chemistiy, besides a few saline inorganic compounds, act 
in this manner, and completely arrest the current of a very powerful battery. 
It is a very curious fact, and well deserves at^tention, that very nearly, if not 
all the substances acknowledged to be susceptible of electrolytic decomposition, 
belong to one class i they are all binary compounds, containing single equiva- 
lents of their components, the latter being strongly opposed to each other in 
their chemical relations, and held tc^ether by very'poweriul affinities. 
. The amount of power required to effect decompositions varies greatly; solu- 
tion of iodide of potassium, melted chloride of lead, solution of hydrochloric 
acid, water mixed with a little oil of vitriol, and pure water, demand in this 
respect Very different degrees of electrical force, the resistance to decomposi- 
tion increasing from the first-mentioned substance to the last ' 

One of the most important and indispensable conditions of electrolysis is 
fluidity ; bodies which, when reduced to the liquid condition, fireely conduct 
and as freely suffer decomposition, become absolute insulators to the electri- 
city of the battery when they become solid. Chloride of lead offer^ a good 
illustration of this fact ; when fused in a little porcelain crucible it gives up 
its elements with the utmost ease, and a galvanometer, interposed somewhere 
in the circuit, is strongly afiected. But when the Source of heat is withdrawn, 
and the salt suffered to solidify, all signs of decomposition cease, and at the 
same moment the magnetic needle re-assumes its natural position. In the 
same manner the thinnest film of ice completely arrests tlie current of a 
powerful voltaic apparatus; the instant the ice is liquefied at any one point, 
so that water-communication may be restored between the electrodes, the cur- 
rent again passes, and decomposition occurs. Fusion by heat, and soluti<ui 
in aqueous liquids, answer the ptirpose e(}uaUy well. A fluid substance may 

* From iXi»T^«v, and t^y a way. t From iXikt; Wi and Xxm, I loose, t Fige 8& 
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eonduct a strong cogent of electricity without being deconi]X)sed; there are a 
few examples already known; however, no experiment has yet been recorded 
in which a solid was -seen to undergo direct and unequivocal electrolysis. 

Liquids often exhibit the property of conduction for currents strong enough 
to be indicated by the galvanometer, but yet incapable of causing decomposition 
in the manner described. These currents may be conveyed through extensive 
masses of liquids; the latter seem, under these circumstances, to conduct after 
the manner of metals, wiihout perceptible molecular^ change. 

The m^allic terminations of the battery, the poles or electrodes, have, in 
themselves, nothing in the shape of attractive or repulsive power for the 
elements so often separated at their surfaces. Finely^ivided metal suspended 
in water, or chlorine held in solution in that liquid, shows not the least symp- 
tom of a tendency to accumulate around them; a single element is altogether 
unaftected, directly at least ; severance from previous combination is required, 
in order that this appearance should be exhibited. 

It is necessary to examine the process of electrolysis a little more closely. 
When a XK)rtion of water, ibr example, is subjected to decomposition in a glass 
vessel with parallel sides, oxygen is disengaged at the positive electrode, and 
hydrogen at the negative ; the gases are perfectly pure and tmmixed. If) white 
the decomposition is rapidly proceeding, the intervening water be examined by 
a beam of light, or by other means, not the slightest disturbance or movement 
of any kind will be perceived, nothing like currents in the liquid, or bodily 
transfer of gas frc«n one part to another can be detected, and yet two portions 
of water, separated perhaps by an interval of four or five inches, may be 
respectively evolving pure oxygen and pure hydrogen. 

There is, it would seem, but one mode of explaining this and all similar 
cases of regular electrolytic decomposition; this is by assuming that all the 
particles of water between the electrodes, and by which the current is con- 
veyed, simultaneously suffer decomposition, the hydrogen travelling in one 
direction, and the oxygen in the other. The neighboring elements thus brought 
into close proximity, unite and reprodu^ water, again destined to be decom- 
posed by a repetition of the same change. Ih this manner each particle of 
hydrogen may be made to travel towards the left, by becoming successively 
united to each particle of oxygen between itself and the negative electrode^ 
when it reaches the latter, finding no disengaged particle of oxygen for its 
reception, it is rejected as it were from the series, and thrown off in a separate 
state. The same thing happens to e^ch particle of oxygen, which at the same 
time passes continually towards the right, by combining successively with each 
particle of hydrogen, that moment separated, with which it meets, until at 
length it arrives at the positive plate or wire, and is disengaged. A succes- 
sion of particles of hydrogen are thus continually thrown off from the deoom- 

•iVg. 117. 




Water in usual state. 

posing mass at one extremity, and a corresponding succession of particles of 
oxygen at the other. The power of the current is exerted with equal energy 
in every part of tbe liquid conductor, although its effects only become manifest 
at the very extremities. The action is one of a purely molecular or internal 
nature, and the metal terminations of the battery merely serve the purpose of 
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Water undergoing electrolysis. 

completing the connection between the latter and the liquid to, be decomposed. 
The figures 117 -and 118 are intended to assist the imagination of the reader,, 
who must at the same time avoid regarding them in any other light than that of 
a somewhat figurative mode of representing the curious phenomena described. 
The circles are intended to indicate the elements, and are distinguished by 
their respective symbols. 

A distinction is to be carefiiUy drawn between true and regular electrolysis, 
and what is called secondary decomposition, brought about by the reaction of 
the bodies so eliminated upon the surrounding fluid or upon the substance of 
the electrodes; hence the advantage of platinum for die latter purpose when^ 
electrolytic actions are to be studied in their greatest simplicity, that metal be- 
ing scarcely attacked by any ordinary agents. When, for example, a solution 
of nitrate or acetate of leadi^ decomposed by the current between platinum, 
plates, metallic lead is deposited at llie negative side, and a brown powder,* 
peroxide of lead, at the positive; the latter substance is the result of a second* 
ary action ; it proceeds, in fact, fiom the nascent oxygen, at the moment of ite 
liberation, reacting upon the protoxide of lead present in the salt, and convert- 
ing it into peroxide, which is insoluble in the dilute acid* There is every 
reason to believe that when sulphuric and nitric acids seem to be decomposed 
by the current, the effect is really due to the water they contain becoming de- 
composed, and reacting by its hydrogen upon the acid, for these bodies do not 
belong to the «lass of electrolytes, as already specified, and would probably 
refiise to obndupt, could they be examined in an anhydrous condition. 

-It has generally been thought that the deposition of metal by the current 
must be considered as the consequence- of a secondary action, as when a solu- 
tion of sulphate of copper is electrolyzed, and copper reduced upion the surface 
of the negative electrode. This has been considered to arise from the water 
and sulphate of the oxide being simultaneously decomposed, and the subsequent 
action of the hydrogen upon the oxide of copper, by which the latter became 
reduced to the metallic state; but although this explanation has been rendered 
very doubtM by recent iuvestigatiDn, and a great number of cases of supposed^ 
secondary action thus reierred to direct electrolysilB, many indubitable examples 
of the phenomenon referred to yet remain. 

If a number of different electrdytes, such as acidulated water, iodide of 
potassium, fused chloride of lead, &c., be arranged in a series, and the same 
current made to traverse the whole, all will suffer decomposition at the same 
time, but by no means to the same amount. If arrangements be made by 
which the quantities of the eliminated elements can be accurateily ascertained, 
it will be found when the decomposition has proceeded to some extent, that 
these latter will have been disengaged exactly in the ratio of the chimcal 
equivaktUs. The same ciurent which decomposes 9 parts of Water, will sepa* 
£ate iuto their elements 165 partsof iodide of potasnum, 139 parts of ohloride- 
of lead, &c. Hence the very important conclusion: The action of the current 
is perfectly definite in its nature, producing a fixed and constant amount of 
decomposition, expressed in each electroljrte by the value of its chemieal 
oquiVHlent 
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Fiom a very extended series of experiments, JF^. 1 19. 

.faased on this end other methods of research, 
Mr. Faraway ivas enabled to draw the general 
.inference, that effects of 6hemical decomposition 
*were always proportionate to the quantity of 
•oizoulating electricity, and mi^^t be taken as aii 
-aecurate and trustworthy measure of the latter. 
•Guided by this hi^^y important principle, he 
constructed his voitameter, an instrument which 
has rendered the greatest service to electrical 
science. This is merely .an arrangement by 
<whi(^ a little acidulated water is decomposed 
by the ouiient, the gas evcdved being collected 
and measured. By placing such an instrument 
in any part jof the eireuit, the quantity of .eleo- 
itric fbitee necessary to prochice any given efl^t 

ean be at onoe estimated; or, on the other hand, any required amount of the 
latter can be, as it were, measured out and adjusted to the object in view. 
The voltameter has received many different forms j one of the most exten- 
tively usefulls thatifigured, in which the platinum plates are separated by a 
very -small interval, and 'the gas is^collected in a graduated jar standing on the 
.shelf of the pneumatic trough, the tube of the instrument, which is -filled to 
-the neck with dilute sulphuricacid, being passed beneath the jar. 

The decompositions of the voltaic battery can be effiscted by the electricity 
•of the common machine, by that developed by magnetic actioa, and by that 
-of animal origin, but to an extent incomparaUy more minute. This arises 
from the very small quantity of electricity set in motion by the machine, 
although its itsnsion, that is, power of overcoming obstacles and passing through 
imperfect conductors, is exceedingly great A pair of small wires of zinc and 
platinum dipping into a single drop of dilute add, develop &r more electricity, 
to judge from the chemical effects of such an arrangement, than very many 
turns of a large plate electrical machine in high action. Nevertheless, polar 
or eieotrolytic depomposition can be distiuctly and satisfactoriiy effected by the 
•latter, although on a minute scale. 

Wiffi a knowledge of theiprinciples laid down, the study of the voltaic bat- 
teiy may be resumed and completed. In the &rst place, two very different 
views have been held coocenung the source of the electrical disturbance in 
that apparatps. Yolta himself ascribed it to mere contact of dissimilar metals; 
to what was denominated an tieetrtHmftioe force, called into being by such con- 
tact; the liquid merely serving the purpose of a conductCHr between oile pair 
of metals and that succeeding. Proof was supposed to be given of the iundar 
mental position by an experiment in which discs of zinc and copper attached 
to insulating handles, after being brought into dose contact, were found, by 
the aid of a very delicate gold-leaf electroscope, to be in opposite electrical 
states. ' It. appears, however, that the more careiUlly this experiment is made, 
the smaller is the effect observed; and hence it is judged highly probable that 
the whole may be due to accidental causes, against i^hich it is almost impos- 
sible to guard. 

On -^ other hand, the observation .wiub soon made that the power of the 
faetceiy always bore some kind of proportion to the chemical action upon the 
zinc; that, for instance, when pure water was used, the effect was extremely 
feeble; with solution of salt, it became much greater; and lastly, with dilute 
add,. greatest of all; .so that some rehttion evidently existed between the che* 
mical effisot upon the jnetal, andthe evolution of electrical force. 

The expewi^ts of Mr. Faiaday axid Piofosaor i)anJeU have .given very 



great aoppon to the chemical theorf, hf showing that coated c^. disrimilaj 

metals is not necessaiy in cider to call into being powerliil electrical ctments, 

and ihat the development of dectrical force is not ODljr in some way connected 

with the chemical action of the liquid of the battery, but that it a always in 

direct proportion lo the latter. One verjr beantiM experiment, in which de- 

c<mipositk>ii of iodide of potassium by reel ele^^rolyais ia perfbrmed by a cur* 

rent generalad without any contact of dissimilar metal*, can be thtu made ; — 

A plate of zinc it bent at a ri^t angle, and cleaned by mb- 

Fig. 120. bing with sand-psppr. A plate of pladnmn has a wire of the 

same metal attached to it by carefiil riveting, and the latter 

^~^ bent into an arch. A piece of folded flitecpaper is wetted 

with Kilution of iodide of potassinm, and placed upon the 

zinc ; the platinum plate is arranged opposite to the latter 

with the end of its wire resting upon the paper, and then tha 

pair plunged mio a glass of dilute sulphuric acid, mixed with 

a few dropa of nitric. A teown spot of' iodine becomes in a 

moment evident beneath the extremityof the platinum wire; 

that is, at the positive side of the arrangement 

A strong argument in &vot of the chemical view is fimnded 
on the easily proved bet, that the direction of the current is 
determined 1^ the kind of action upon the metals, the one 
least attacked being always positive. Let two polished plates, 
the one iron and the other capper, be connected by wires with 
a galvaikometer, and then immersed in a solution of an alkaline sulphoret. 
The needle in a moment indicates a powerfld current, passing &om ^e cop- 
per, through the liquid, to the iron, and back again Ihrongb the ^ire. Let the 
plalae be now removed, cleaned, atnl plunged into dilute acid ; the needle is 
again driven round, but in the opposite direction, the current now passing fiom. 
the iron, through the liquid to the copper. In the first instance Che copper is 
acted upon, and not the iron; in the second, these conditions are reversed, and 
-with them, the direction C^ the current. 

The metals employed in the practical eonstmclion of vcJtadc batteries ate 
zitic ibr the active metal, and copper, silver, or, still batter, platuinm Ibr tha 
inactive one; the greater the difference of oxiibibility, the better the uiBiige> 
'menL The liquid ia either dilute sulphntic acid, sometimea mixed with a 
little nitric, or occasionally, where very slow and longnxintinued action is 
wanted, salt and water. To obtain the maxiraum effect of the apparalas with 
the least eipenditnre of zinc, that metal must be employed in a pure state, or 
its Burfece must be covered by an amalgam of mercury, which in its electrical 
telellons closely resembles the pure metal. The zinc is easily brought into 
this condition by wetting it with dilute sulphuric acid, and then rnbtnng a 
little mercury over it by meaiu of a piece of rag tied to a stick. 

The principle of the ctgnpoond battery la, perhaps, best seen in the crown of 
cups; by each alternation of line, fluid, and copper, the current is urged for- 
wards with increased energy, its intensity is augmented, but the actual arnooat 
of electrical force thrown into the cnrrent form is not increased. The quan- 
tity, estimated ly its decomposing power, is in feci determined by that of the 
smalleBt and least active pair of plates, the quantity of electricity in every part 
or seclian of the cirooit being exactly equaL Hence large and small plates, 
batteries strongly and weakly charged, can never be connected without great 
loss of power. 

When a battery, either simple or compound, constmcted with pnre or with 
amalgamated zinc, is charged with dilute sntphotic add, a number of highly 
interesting phenomena may be observed. Wliile the circuit romains broken, 
the line is perfect^ inactive, no water is decomposed, no hydrogen liberated j 
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bat the moment the connection is completed, torrents of hydrogen arise, not 
fiom the zino, but from the copper or platinum sur&ces alone, while the zinc 
undergoes tranquil and imperceptible oxidation ahd solution. Thus, exactly 
the same effects are seen to occur in every active cell of a closed circuit, which 
are witnessed in a portion of water, undergoing electrolysis; the oxygen iap- 
pears at the positive side, with respect to the current, and the hydrogen at the 
negative;' but with this difference, that the oxy^n, instead of being set free, 
combines with the zinc. It is, in fact, a real case of electrplysis, and electro- 
lytes alone are availaUe as exciting liquids. 

Common zinc is very i»adily attacked and dissolved by dilute sulphuric 
acid; and this is u^ally supposed to arise from the formation of a multitude 
of little voltaic circles, by the aid of particles of foreign metals or plumbago, 
partially imbedded in the zinc. This gives rise in the battery to what is 
called local action, by which in the common forms of apparatus three-fourths 
or more of the metal is often consumed, without contributing in the least to 
the general effect, hht, oh the contrary, iiijuring the latter to some extent 
This evil is got rid of by amalgamating the surface. 

From < experiments, very carefully made with a "dissected" battery of pe- 
culiar construction, in which local action was completely avoided, it has been 
distinctly proved that the quantity of electricity set in motion ' by the battery. 
varies exactly with the zinc dissolved. Coupling this &ct with that of the 
definite action of the current, it will be seen, that when a perfect battery of 
this kind is employed to decompose water, in order to evolve 1 grain of hy- 
drogen from the latter, 33 grains of zinc must be oxidized and its equivalent 
quantity of hydrogen disengaged in each active cell of the battery. That is 
to say, that the electrical force generated by the oxidation of an equivalent of 
zinc tn the battery, is capable of effecting th^ decomposition of an equivalent 
of water, or any aihei electrolyte, out of it 

This is an exceedingly important discovery; it serves to show, in the most 
striking manner, the intimate nature of the connection between chemical and 
electrical forces, and their remarkable quantitative or equivalent relations. It 
almost seems, to use an expression of Mr. Faraday, as if a transfer of chemical 
force took place through the substance of solid metallic conductors ; that che- 
mical actions, called into play in one portion of the circuit, could be made at 
pleasure to exhibit their effects without loss or diminution in any other 
There is an hypothesis, not of recent date, long countenanced and supported 
by the illustrious Berzelius, which refers all chemical phenomena to electrical 
forces; which supposes that bodies combine because diey sure in opposite elec- 
trical states; even the heat and light accompanying chemical union may be, to 
a certain extent, accounted for in this manner. In short, we are in sudi a po- 
sition, that either may be assumed as cause or effect; it may be that electricity 
is merely a form or modification of ordinary chemical affinity ; or, on the other 
hand, that all chemical action is merely a manifestation of electrical force. 

One of the most useful forms of the common voltaic battery is that con- 
trived by Dr. Wollaston. The copper is made completely to encircle the zinc 
plate, except at the edges, the two metals being kept apart by pieces of cork 
ot wood. Each zinc is soldered to the preceding copper, and the whole 
screwed to a bar of dry mahogany, so that the plates can be lifted, into or out 
of the acid, which is contained in an earthenware trough, divided into sepa- 
rate cells. The liquid consists of a mixture of' 100 parts water, 2i parts oil 
of vitriol, and 2 parts oommercial nitric add, all by measure. A number of 
such batteries are easily connected together by straps of sheet copper, and 
admit of being put into action with^eat ease. (Fig. 121.) 

There are many serious evils felt even in this, the best of the old forms of 
voltaic apparatus; the local action is very great, and the dimiputioii of pov— 
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extnmelf npid, the efleou of flnt immsnicm being sometiqiea ten times 
greater than tho»a observBd when the bCbttery has been s liltla tiine in dm. 
Xheie Bie icvetill oauees which concur in producing this dingieeable leault, 
tuoh at Uie Bdhe«ion of hydn^en, in hibbles, to the 
Fig. 1S9. mTftce of the ooppei; the predpjtatkni of metallic 

zinc upon the Istter, and others perhaps iMs obrious. 
An instrument of. immenM) vahie ibr piuposes of 
eledio-chemical leseaicli, in whiidi it is desired te 
''' maintain powerful and eqaable cnnaiti fin tnanjr 
sucoassive houn, has bem ccBitrived by Piofessoi 
SanieU. Each cell of this " cozMant" bMUir coiuials 
of a copper cylinder 3^ inohei in diametsr, and of a 
height Tarring iiom S to 18 iochai. The zinc is om- 
plojad in the form of n.iod j of an inch in diameler, 
carefulljr anralganiBled, and luspended in the centre 
of the iqrlinder. A setond cell Of poimu sarlbenwiue 
or animal memlfane intervenes between the zinc and 
the a^pei; this is filled with a mixlore ot 1 pan tqr 
measure of oil of vitriol and 8 of water, and the ex- 
terior space with the scune liquid, saloTatad widi nil- 
phale &[ copper. A son of little colander is fittsd to 
the top ot the cell, in which crystals of the sulphate of 
oopper are pluoed, so that the strength of the sointkm 
m^r remain onimpaiied. When a ixnnmunication is 
made by a wit^ between the rod and the cylinder, a 
powarfld eunynit is produoed, which may be exalted in intensily to almoat 
any amount by oonnnwing a lufficiem munber of such cella into a aeries, on 
^e principle of the orown of olps; the copper of the first being -attached to 
4be zinc of the sectud. Ten such alternations constitute a very powerliii 
apparatus, which has the^great adTSntBge of letaiuing its eaorgy luidiminished 
^t a lengthened period. The interior of the cylinder beoccnes covend with 
m, compact deposit of leduoed copperj no gas is diseikgaged, and thne is no 
local action on the atia. 

The batteigr of Ptofessor GtOTc ii another very beantilbl oomtinatuni, in 
-wliiDli « pondple of oonitdeiahle importanoe is called promiasntly inio play. 



OHEKUTKT Or TBK TOLTAtC FILE. 160 

MOialjr, the dimlmititai of rmtenct to the pemge of the J^^. 193. 
conent in the etectrolyte ty the affinitj' of one of the ela- 
mentaof ihelauei.oiof •atneaaaocmtal aubalBnce, for Uie 
iliberotad hydrogen. ~ 

One of the cells e[ thii batteij u repieaeiiled in the 
BBUgin, in Beolkm. The ainc plate is bent rotnid, mi u to 
pietetit a donbte aoilace, and well ainalgainBted ; within 
it stands a thin flat coll of porous eaithenwaie, filled with 
«toog nitric acid, and (he wbole a ioiiuBned in a mixtme 
of 1 pan by meHiuie of oil of viitiol and 6 of water, eon- 
tained either in one of the cells of Wallaslon'i.trough, or in 
a sBpaiBle cell of glased poroeUin, made for the purpose. 
The app«taluB is completed by a plate of plBtinam £nl 
which dips into the nitric Baid,and forHis the positive side 
Df the anangeinent. With ten each pairs, expeiimeikls of 
dacoBipoaillrHi, igoiiion of wires, the light between char- 
eool points, ^,DSD be eihibiied with great briiliaiicr, while the bottery itself 
is Terj onnpttct and portable, and, to a great aneot, constant in its action. 
The sine, as in the cue of Piofenoi Caniell's batterr, is only crmmnied while 
-the ciurent passes, lo that the apparatus may be auanged an hour or two bo- 
Jiffe jt is required for use, which ieolten s matter of great oonvenience. The 
nitric acid suppresaee the whole of the hydrogen, becoming thereby slowly 
riimiiiliBed and cMiTerted into nitrous acid, which at fiisl remains dtssolved, 
ImI after ecraie time begins to be disengaged fion ^e pomia cells in dense red 
flunes; this eonstitules Uia only aariuus dniwhack to diis CKcellent instrument. 

Mr. Smee bos contrived an ingenious battery, in whii^ silTer coTeied with 
« thin coaling of finely divided metallic plalinum is employed in assodation 
with BmalgBDKUed sine and dilute sulidiiuiDaaid. Thorough auiiaceapjietas 
to permit the -ready disengagentent of the bubbles of hydrogen. 

Within the but three or four years several vary beanlifbl and successful 
^plioaboas of vctoic electricity have been made, vhich may be slighter 
IBentioiied. Hr. Spencer and Professor Jactdii hare tmpk^^ it in copying 
or raAeriinnniltiplying, engraved plates (md medals, biydepoaitiag upon theii 
•urfacesa thick coating of metallic copper, which, whan sepaiatBd bom the 
origiiiel, eoUhits, in tSTeiM, a most AithfUl leprescotatton of the latlaT By 
using this in itslum as a mould or matrix, an absolutely perfect fae-iimil* aC 
the plate or aiedal ie obtained. In ibe ibnner case, the impressioae taken ou 
^pei are quite nndiMingHiibafaie jiom Ihowi direally derived &om the work 
of the artistj and as Aere is no Imiii to die numbv of dut ra ly pt phUea 
which ean be thus i«oduaed, engraviags of the most beantiliil 
desctiplion mi^ be.tntllliplied indefinitely. The copperis very F'tg. 124. 
tot>^ and beM Ibe action of the prase perfectly iw«U. 

Hie apparatus Bted in this and mei^ similar prooesses is of 
the simplest pcBsible kind. A troi^or cell of wood is divided 
Iqr a porous diaphragm, made of a very thin piece of syeamore, 
into two parts ; dilute sulphuric acid is put on one side, and a 
•unrated solution of sulphate of copper, sometimes mixed with 
a little acid, on the other. A plate of zinc is aoideied to a wire 
or strap of copper, the other end of which is secnred by sintilai 
means to the engraved copper plate. The latter is then im- 
mersed in the solution of lutphate, and the zinc in the add. 
To prevent deposition of copper on the beck of the copper plats, 
thai portion is covered with varnish. For medals and small 
worlu a porous earthenware cell, phu»d in a jelly-jar, may be 
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Other metalB m&jr be precipitated in the game manner, in a smooth and 
eompact form, by the me of oettain precautions which iiave been gathered b^ 
experience. Electro-gilding and plating are now oairied on very largely and 
in grettt perfeoiion by Messes. Elkington. Even non-conducting bodies, aa 
sealing-wax and plaster of Paris, may be coated with metal ; it is only neces- 
sary, as Mr. Murray has shown, to nib over them the thinnest possible film 
of plumbago. Seals may thus be copied in a very few houri with unerring 
troth, 

H. Becquerel, several years ago, published an exceedingly interesting ac- 
count of certain experiments, in which orystsllized metals, oxides, and other 
insoluble substances, had been produced by the slow and oootinuous action of 
feeble electrical currents, kept up for months, or even years. These products 
exactly resembled natural rhinerals, and, indeed, the experiments threw great 
light on the formadon of the latter within the earth.* 

The common but very pleasing eiperimenl of the Itad 
Fig. 125, Irtt is greatly dependent on electro-chemical action. When 

a piece of zinc is suspended in a solution of acetate of lead, 
the first effect is the decomposition of a portion of the latter, 
and Uie deposition of metallic lead upon the snrfhce of the 
zinc j it is simply a displacement of a imetal by a more oiid- 
eble one. The change does not, however, stop here; me- 
tallic lead is sdll deposited in large and beautiful plates 
upon that first thrown down, tmtil the solution beoomea ex- 
hausted, or the zinc entirely disappears. The GrsI portions 
of lead form, with the zinc, a voltaic arrangement of suffi- 
cient power to decompose the salt, under the peculiar cir- 
cumstances in which the latter is placed, the metal is pre- 
cipitated iqion the negative portion, that is the lead, while 
the oxygen and acid are talcen up by the zinc. 
Professor Grove has contrived a battery in which an electrical current, of 
Buffldent intensity to decompose water, i: produced by the reaction of oiygen 
upon hydrogen. Each tbmaU of this interesting apparatus consists of a pair 
of glass tubes to contain the gases, dipping into a vessel of acidulated water. 
Both tubes contain platinum plates, covered with a roogh deposit of finely- 
divided platinum, and furnished with conducting wires, which pass throagh 
the tops or sides of the tubes, and are hermetically sealed into ihe latter. 
When the tubes are charged with oxygen on the one side and hydrogen on 
the other, and the wires coimected with a galvanosotqw, the neeifle of the 
instnunent becomes mstantly affected; and when tea or more are combined 
in a series, the oxygen-tube of the one with the hydrogen-lube of the next, 
&C., while Ibe terminal wires dip . into acidulated water, a mpid stream of 
minute bubbles from either wire indicates the decomposition of the liquid ; and 
when the experiment is made with a small voltameter, it is found that ths 
oxygen and bydn^n disengaged exactly equal in amount the quantities 
absorbed by the act of combination in each tube of the battery. 

• TrutidePEleclricll^BldDMa^ltisma,!!!. p.239. 
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Ths meta]8 constitute the second and larger group of elementaiy bodies. 
A great number of these are of very rare occurrence, being ihwad only in a 
few scarce minerals ; others are more abundant, and some few almost uni- 
versally difiused throughout the whole globe. Some of these bodies are of 
most importance when iii ^e metallic state ; others, when in combination, 
chiefly as oxides, the metals themselves being almost unknown. Many are 
used in medicine and in the arts, and are essentially connected with the pro- 
gress o£ civilization. 

If arsenic and tellurium be included, the metals amount to forty-two in 
number.* 

Physical properties, — One of the most remarkable and striking characters 
possessed by the metals is their peculiar lustre; this is so characteristic that 
the expression metallic lustre has passe4 into common speech. This property 
is no doubt connected with the extraordinary degree of opacity which the 
metals present in every instance. The thinnest leaves or.plates, the edges of 
crystaUine lamina*, arrest the passage of light in the most complete manner. 
An exception to this rule is usually made in &vor of gold-leaf, which when 
held up to the day exhibits a greenish color, as if it were really endued with 
a certain degree of translucency; the x^ietallic film is, however, always so 
imperfect that it becomes difficult to say .whether the observed effect may not 
be in some me^isure due to multitudes of Uttle holes, many of which are 
visible to the naked eye. 

In point of color, the metals pres^it a certain degree of uniformity; with 
three exceptions, viz., copper and titanium, which are red, and gold, which is 
yellow, all these bodies are included between the pure white of silver, and 
the bluish-giay tint of lead ; Insmutb, it is tone, has %i piiikish color, but it is 
very feeble. 

The difference;} of specific gravity are very wide, passing from potassium 
and sodium, which are lighter than water, to platinum, which is nearly twenty- 
one times heavier than an equal bulk of that fluid. 

♦ 

* Three very imperfectly known new bodies, didymiumy triiumy and terbiumy dis- 
covered by Mosander, are not included in the list. 

[To these may be added pdopium ahd nxoHunty discovered by Prof. H. jRose, ru<lk«- 
rium by Klaas, and tlmentttin.— R. B.] 
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Table of tiia tpedfio giaTitiee of melali at 
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IV'fW 
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Tin . 
Zinp 
Mangaoeid 

ADtimonj 
Telluiium 
Tiianiiun 
Sodiom . 
PotBMiuin 



■865 



The property of malleabiliqr, or power of aitension under the handner, 
■or iMtween the ndlen of the flattuig-fnill, is enjoy^ by certaiD of the metals 
K a veiy great extent. Gohi-leBf is a temackabte example of the tennitr to 
wbtdi a malleBble melnl maf be bioaght bjr Buitable means. The |(iIdiBg 
on diver 'wire oted in the mann&ctute of gold lace is even thinner, and yen 
pteaeata an unbroken 4urfhee. Silver tdbj be beaten out Tery thin ; copper 
«)sD, btn to an infeiior extent ; 6ii and platinum are easily rolled ool into 
4bll ; iron, palladiuDi, lasd, nidiet, csdminm, the metals ,of the alkalies, and 
tn o i cni y, When scriitUfied, era also mSlleHble. Zinc may be placed midwsy 
'beVneen the mttUeable and brittle diviaion-; then perhaps lBBmQth,and 1a«tiy, 
-nioh nietals as antimony nod anenie, whidi arealtt^ther destitute of mal- 
leabmiy. 

Ductili^ is a properqr diituict ftom the last, ioaimnch as h involves the 

ptiociple of tenacity, or power of resisting tensuin. Tlie art of wic»drswing 

is one of great antiquity; it consists in drawing rods of 

1%. 186. metal through a succession of trarapet-shaped holes in a steel 
plate, eluih being a little smaller than lis predecessor, until 

''\ the requisite degree of fineness is attained. The metal often 

' •! becomes very hard and rigid in this prooess, tmd is then 

* fl £aUe to l»eak; this is remedied by heating it to redness and 

* I ' suffering it to cool stowly, tut operation which is terihed 
I annealing. The order of tenadQ' among the metals sus- 

'I oeptible of being eauly drawn into wire is the fbltowing : it 

\'J is deletmined hy obaemng the wei^ts required lo bn«k 

\J esuiuler wires drawn ibron^ the same taifioaof the plate. 
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in 



lion 
Copper 
Pladimm 
Silrer 



Gold 
Zinc 
Tin 
Lead 



Metals differ as mnoh in fiisibiUtjr as in density; the following table, es* 
tiaoted ikom the late Dr. Tnrper's excellent work, will give an idea of their 
lelatiras to heat The melting-points of the metals which only flise at a tem- 
perature above ignition, and that of zinc, are on the authori^ of Mr, Darnell, 
having been observed by the help of the pyrometer before described : — 



Tnsible below 
a red heat 



Mexcnry 

Potassium 

Sodium 

Tm 

Cadmium 

Bismuth 

Lead 



Melting points, Fahranheit. 
— 39<> 
136® 
190® 
442<* 
(about) 44B<> 
497» 
613® 



TeUurium-^ratfaer less fhsible than lead. 

Arsenic — unknown. 

Zinc . . . . . . 773« 

^Antimony — ^just below redness. 



Infusible below 
a red heat 



Silver ♦ 

Copper , 

Gold . 

Ca8^iron 

Pure iron 

Nickel 

Cobalt 

Manganese 

Palladiuni 

Molybdenum 

Uranium 

Tungsten 

Chromium 

Titanium 

Cerium 

Osmium. 

Iridium 

Bhodium 

Platinum 

Columbium 



Melting points, Fabreaheit 
18730 
1996« 
2016® 
2786<* 



Fusible only in an excellent' 
windfumace. 



Imperfectly melted in 
windftamace. 



' Infusible in furnace ', fusible 
by oxy-hydipgen blow-pipe. 



Some metals acquire a pasty or adhesive state befbre beocming fluid ; this 
is the case with iron and platinum, and also with the metals of the alkalies. 
It ts^diis peculiarity which confers the very valuable property of welding, by 
which pieces of iron and steel are united without solder, and the flnelydivided 
metallic sponge of platinum converted into a solid and compact bar. 

Volatility is possessed by certain members of this class, and perhaps by all, 
could temperatures sufficiently elevated be obtained. Mercury boils and distils 
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below a red heat; potassium, sodium, ^inc and cadmium rise in yapor when 
heated to bright redhiess ; arsenic and tellurium are volatile. 

Chemical reUOiom, — ^Metallic combinations are of two kinds, namely, those 
formed by the union of metals among themselves, which are called alloys, or 
where mercury is concerned, amalgams, and those generated by combination 
with the non-metallic elements, as oxides, chlorides, sulphurets, &c. In fids 
latter case the metallic characters are very frequently lost The alloys them- 
selves are really true chemical compounds, and not mere mixtures of the 
constituent metals.; their properties often differ completely fh>m thode of the 
latter. 

The oxides of the metals maybe divided, as already pointed out, into three 
classes j namely, those which possess basic characters more or less marked, 
those which refuse to combine with either acids or alkalies, and those which 
have distinct acid properties. ^ The strong bases are all protoxides; they con- 
tain single equivalents of .metal and oxygen; the weaker bases are usually 
sesqui-oxides, containing metal and oxygen in the proportion of two' equiva- 
lents of the former to three of the latter; the peroxides or neutral compounds 
are still richer in oxygen, and lastly, the metallic acids contain the maximum 
proportion of that element ■ . ■ 

The gradtial change of properties by increasing proportions of oxygen is 
well illustrated by the case of manganese. 

Symbols. Characters. 

MnO Strongly basic. 

JVfngO^ Feebly basic. 

MnOa Neutral. 





Metal. 


Oxygen. 


Protoxide 


] eq. 


1^. 


Dentoxide 


2 eq. 


3eq. 


Peroxide 


1 eq. 


2 eq. 


Manganic acid 


' 1 eq. 


3 eq.. 


Hypermangamc 


acid 2 eq. 


7 eq. 



MhOj. ) ' Strongly 
Mn.O. S acid. 



The oxides of iron and chromium present similar, but less numerous gra- 
dations. 

When a powerful oxygen-acid and a powerful metallic base are united in 
such proportions that they exactly destroy each other's properties^ the result- 
ing salt is said to be neutral; it is incapable of affecting vegetable colors. Now 
in all these well-characterized neutral salts, a constant and very remarkable 
relation is observed to exist between the quantity of oxygen in the base, and 
the quantity of acid in the salt This relation is expressed in the following 
manner : — ^To form a neutral combination, as many equivalents of acid must 
be present in the salt as there ar6 of oxygen in the base itself. In fact, this 
has become the very definition of neutrality, as the action on vegetable colors 
is sometimes an unsafe guide. 

It is easy to see the application of this law. When a base is a protoxide, a 
single equivalent of acid suffices to neutralize it; when a sesquioxide, not less 
than three are required. Hence, if by any chance the base of a salt should 
pass by oxidation from the one state to the other, the acid will be insufficient 
in quantity by one-third to form a neutral combination. Protosulphate of iron 
oflfers an example ; when a solution of this substance is exposed to the air it 
absorbs oxygen, and a yellow insoluble aub-saU is produced, which contains 
an excess of base. Four equivalents of the green compound absorb fh>m the 
air two equivalents of oxygen, and give rise to one equivalent neutral, and 
one equivalent basic persulphate, as indicated by the diagonal zigzag lizie of 
division. 
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1 eq. iron + 1 ©q. oxygen ... 1 eq. sulphuric acid. 
1 eg. iron -j- 1 eq- oxygen ... 1 eq. sulphuric ^d. 

I 4" ^ eg* oxygen ftom air. 

1 eq. iron + 1 eq. oxygen ... 11 eq. sulphuric acid. 

1 eq. iron -{- 1 eq. oxygen ... 1 ^< sulphuric acid. 
+ 1 eq. oxyg^en from air. 

Such sub-salts are very frequently insoluble. 

The combinations of chlorine, iochne, bromine, and fluorine with the metals, 
possess in a yery high degree the saline character. If, however, the definition 
formerly given of a salt be rigidly adhered to, these bodies must be excluded 
from the class, and with them the very substance from which the name is 
deriv^, that is, common salt, which is a chloride of sodium. To obviate this 
anomaly it has been found necessary to create two classes of salts ; in the 
first division will stand those constituted after the type of common salt, which 
contain a metal and a. 8aU-radical, as chlorine, iodine, &c.; and in the second, 
those whidi, like sulphate of soda and nitrate of potash, are generally sup- 
posed to be combinations of an acid with an oxide. The names haloid^ taUi, 
and oxygen addy or oxysaUtj are given to these two kinds. 

When a haloid-salt is dissolved in water, it might be regarded as a com* 
faihation of a metallic oxide with a hydrogen-acid, the water being supposed 
to undergo decomposition, its hydrogen being transferred to the salt radical, 
and its oxygen to the metal. ' This view is unsupported by evidence of any 
value; it is much more probable, indeed, that no truly saline ^ compounds of 
hydrogennacids exist, at any rate in inorganic chemistry. When a solution 
of any hydrogen acid is poured upon a metallic oxide, we may rather suppose 
that both are decomposed, water and a haloid-salt of the metal being produced. 
Take hydrochloric acid and potash by way of example. 

Hydrochloric C Chlorine.^ . -_^ Chloride potassium. 

acid . . ( Hydrogen -.«..,.^ 
Potash \ Potassium-'^^**^^^^--*.^^^^^ 

* I 0;cygen— ^ — —rrsa*. Water. 

On evaporating the solution, the chloride of potassium crystallizes out 
When hydrochloric acid and ammoniacal gases are mixed, they combine 
with some energy and form a white solid salt, sal-ammoniac. Now this sub- 
stance bears sudi a strong resemblance, in maiiy important particulars, to 
chloride of potassium and common salt, that the ascription to it of a similar 
constitution is well warranted. 

If chloride of potassiimn, therefore, contains chlorine and metal, sat-ammo- 
niac may also contain chlotine in combination with a substance having the 
chemical relation^ of a metal, formed by the addition of the hydrogjen of the 
acid to the elements of the anmionia. 



Hydrochloric ( 1 eq. Chlorin e Chlorine 

acid . . ^ 1 eq. Hydrogefn 



Sal-ammoniac. 



Ammonia J ? «<1- JJ^'^^'^'-^^r^i-^ . 

( 1 eq. Nitrogen-^.«.:iI^^Bfe^Ammomum 



The term ammonkun is given to this hypothetical body, NH4 ; it is sup- 
posed to exist in all the ammoniacal salts. Thus we have chloride and iodide 
of ammonium, sulphate of the oxide of ammonia, && This view is very 

* dki, sea salt^ and, v^f, form. 
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.sbongly sapt)Orted by the pe<su]iarities of the salta thenlseWes, as will heie- 
after be seen. 

Many of the sulphurets also possess the saline chaxacter and are soluble in 
water, as those of potassium and sodium. Sometimes a pair of sulphurets 
will unite in definite proportions, arid form a crystallizable compound. Such 
bodies beaif a '^erj close resemblance to oxygen^^cid salts ; they usually con- 
tain a mono-sulphuret of an alkaline metal) and a higher anxlphuxet of a non? 
metallic substance, or of a ' metal which has little tendency to form a basic 
oxide, the two sulphurets having exactly the same relation to each other as 
the oxide and acid of an ordinary salt Hence the expressions tu/jpAvr'^f, 
su^kur-iteidy and ndpkur-baUy which Berzelius applies tb such compounds ; 
tibey contain sulphiur. in the place of oxjrgen. Thus, bisulphutet of carbon vs 
a sulphur-acid; it forms a crystallizable compound with simple sulphuret of 
potassium, which ^l a sulphur-base. Were olygen Substituted for the sulphur 
in this product, we,s^uld have carbonate of potash. 

KS+G^ sulphur-salt 
K<>4*C(>2 oxygen-seOt 

These remarkable compounds are very numerous and intwesting* they 
have been studied by Berzelius with great care. 

Salts often combine together and form what are called doubU iaUsj ia 
which the same acid is in combination witl^ two difierent bases. Whei^ sul- 
phate of copper and sulphate of potash, or chloride of zinc and sal-ammoniac^ 
are mixed in the mtio of the equivalents, dissolved in water, and the solution 
made to crystallize, double salts are obtained. These latter are often more 
beautiful, and crystallize better than their constituent salts. 

Many of the compounds called super, or acid salts, such as bi-sulphate of 
potash, which have a sour taste and acid reaction to test paper, ought strictly: 
to be considered in the light of double salts, in which one of the bases is 
water. Strange as ft may at first sight appeeir, water possesses considerable 
basic powers, although it is unable to ms^skacid reaction on vegetable colors; 
hydrogen, in fact, very much resembles a metal in its chemical relations. . Bi- 
sulphate of potash will therefore be a double sulphate of potash and wat^r, 
while oil of vitriol must be assimilated to neutral sulphate of potash. 

KO+SOj and H(H*SOj, 

Water is a weak base} it is for the most part easily displaced by a metallic 
oxide ; yet dases ooour now and then in which the reverse happens, and water 
is seen to decompose a salt, in virtue of its basic power. 

There are a few acid salts which eontain no water ; as the bichromate of 
potash, and a new anhydrous sulphate of potash discovered by JM Jacqu^ 
lain.* It wiU be necessary of course to adopt some other view in these cases. 
The simplest will be to consider them as really containing two equivaie&ts of 
acid to one of base. . 

"By water of crystdBtztOiQn is meant water in a somewhat loose state of 
combination with a salt or other compoimd body, from which it can be dis- 
engaged by the mere application of heat, or by Exposure to a dry atmosphere. 
Salts which contain wsiterof .orystallizatio& have their crystalline form greatly 
influenced by the proportion of the latter. Greeii sulphate of iron crystallizes 
in two different fbrms, and with two different proportions of water, according 
io the temperature at which the salt separates from the solution. 

* Ann. Gbim. et Fhyi., Ixx. p. 311. 
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CrytiaUization; CryatatHne farms. — ^Almost every subBtance, simple and com- 
pound, capable of existing in the solid state, assumes, under favorable cir- 
cumstances, a distinct geometrical form or figure, usually bounded by plane 
surfaces, and having angles of fixed and constant value. The faculty of crys- 
tallization seems to be denied only to a few bodies, chiefly highly complex 
oi^nic principles, which stand as it were upon the very edge of organization, 
and which, when in a solid state, are frequently characterized by a kind of 
beady or globular appearance, well known to microscopical observers. 

The most beautiful examples of crystallization are to be fbund among natural 
minerals, the result of exceedingly slow changes constantly occurring within 
the earth; it is invariably fbund that artificial crystals of salts and other solu- 
ble substances which have been slowly and quietly deposited, always surpass 
in size and regularity those of more rapid formation. 

Solution in water or some other liquid is one very frequent method of effect- 
ing crystallization. If the substance be more soluble at a high than at a lower 
temperature, then a hot and saturated solution by slow <xx>ling will generally 
be found to furnish crystals; this is a very common case with salts and vari- 
ous organic principles. If it be equally soluble, or nearly so, at all tempera- 
tures, then slow spontaneous evaporation in the air, or over a surface of oil of 
vitriol, often proves very effective. 

Fusion and slow cooling may be employed in many cases; that of sulphur 
is a good example; the metals usually afiford traces of crystalline figure when 
thus treated, which sometimes becomes very beautiful and distinct, as with 
bismuth. A third condition under which crystals very often form, is in pass* 
ing from a gaseous to a solid state, of which iodine afibrds a good instance. 
When by any of these means time is allowed for the symmetrical arrangement 
of the particles of matter at the moment of solidification, crystals are produced. 

That crystals owe their figure to a certain regularity of internal structure is 
shown bodi by their mode of formation and also by the peculiarities attending 
their fracture. A crysted placed in a slowly evaporating saturated solution of 
the same substance grows or increases by a continued deposition of fresh 
matter upon its sides in such a manner that the angles formed by the meeting 
of the latter remain unaltered. 

The tendency of most crystals to split in particular directions, called by 
mineralogists deavage^ is a certain indication of regular structure, while the 
ciirious optical properties of many among them, and their remarkable mode of 
expansion by heat, point to the same conclusion. 

It may be laid down as a general rule that every substance has its own 
crystalline form, by which it may very frequently be recognized at once; not 
that each substance has a different figure, although very great diversity in this 
respect is to be found. Some forms are much more common than others, as 
the cube and six-sided prism, which are very frequently assumed by a number 
of bodies, not in any way related. 

The same substance may have, under different sets of circumstances, as high 
and low temperatures, two different crystalline forms, in which case it is said 
to be dimorphout. Sulphur and carbon furnish, as already noticed, examples 
of this curious fkct; another case is presented by carbonate of lime in the two 
modifications of calcareous spar and arragonite, both chemically the same, but 
physically different. A fourth example might be given in the iodide of mer- 
cury, which also has two distinct forms, and even two distinct colors, offering 
as great a contrast as those of diamond and plumbago. 

The angles of crystals are measured by means of instruments called gornUh 
meters, of which there are two kinds in use, namely, the old or common gpnio- 
meter, and the reflective goniometer of Dr. Wollaston. 
12 



eamiDMntraw tsr mbtu«. 

Fig. 1S7. 



Tbe comma]) goniometei comiaU of a paii of ateel bladet tnoring with 
tnctioa upon a centte, ai shown in the cut. The edges a a are carafully 
adjueted lo the faces of (he dttsIsJ, whose inclinalioD to each other it i> 
leqvdied lo ascertain, nnii then the inBttument being appJied to the divided 
■emiciicle, the comained as^ is at once lead off. An approiimatiVB loea- 
EUiement, wilhin one oi two degrees, osd be eaxil]' obnined bj ihii iuatiumeut, 
prOTided the planes of (he crystal be tolerably perfect, and luge eoongh foi 
the purpoM. Some ptactica is of comae laqmieJ before even thia amoimt of 
Bccuracy con be attained. 

The reflective goniometei is a verfffliperiar instrument, its indicatioiis being 
conect within a fiBcldonora degree; it is applicable also to the measuremeiit 
of the angles of crystals of very smal^ size, the only conditions required being 
that their planes be smooth and brilliant. The subjoined sketch will convey 
an idee, of its nature and mode of >ua. 

Fig. ISS. 



A is a divided cinils or diso ef ban, the axis of which panes stiffly and 
without shake through the snppctt b. This axis is itself pierced to admit ihs 
passaee of a round rod or wire, terminated by the milled-edged head o, and 
destined ID carry the crysla) to be measured by means of the jointed arm d. 
A vernier, e, immovably fixed to the nprii^l mppoit, serva to measure with 
great accoiacy the imgular motion of the divided circle. The crystal at/ tan 
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ibnt bo tniBdd wand or adjinted in \ui^4mmi. i^orilioi&'wiliumt Am aocoority 
of mopnng the disoL 

His priacipla pfoa whidi ibo mMiflarmtteBtof tiiO eaglB seats is veisr ssn* 
pie. If the two adjacent planes of a crystal be daoaosiivelj beoui^t into tha 
same posHicm, the anfilB tluough which the er3r8tal will have moved will be 
tkt M^tmtni to liot am^amul iutwmn tha Hp0 pbmm. Thi* will be easily in« 
teHjgOjle h^ rafereooe to the eabjoined diagram, in wlueh a csTstBl havinff the 
fam of a triangular prism* is shown in ike two positian^ the ax^le to be 
aeamred beibg that indirated hy Ao letten b df. 





The lines a c^b e are perjpendicular to the respective &ces of the crystal, 
oonseqnently the internal angles d g c,d h Cj are right angles. Now, since the 
sum of the internal angles of a four-sided rectilineal figure, as d g c A, equal 
four right-angles, or 360^, the angle g d h (ox e df) must of necessity be the 
supplement to the angle g « A, or that through which the crystal moves. All 
that is required to be done, therefore, is to measure the latter angle with aop 
curacy, and subtract its value from 160^ ; and this the goniometer effects. 

One method of using the instrument is the following:— the goniometer is 
priced at a convenient height upon a steady table in front of a well-illuminated 
window. Horizontally across the latter, at the height of eight or nine feet 
from the ground, is stretched a narrow black riband, while a second similar 
riband, adjusted parallel 10 the first, is fixed beneath the window, a fbot or 
eic^teen inches above the fioor. The object is to obtain two easily-visible 
black lines, perfectly parallel. The crystal to be eziimined is attached to the 
arm of the goniometer a% / by a little wax, and adjusted in such a manner 
that the edge joining the two phmes whbse mdlination is to be measured shall 
nearly coincide with, or be parallel to, the axis of the instrument. This being 
done, the adjustment is conqfkted in the fbllowing manner >i— the divided circle 
is turned until the zeio of the vernier comes to 180^ ; the crystal is then 
moved round by means of the inner axis c (fig. 128) until the eye placed near 
it perceives the image of the upper black line reflected fiipm the surAce of 
one of the planes in question. Following this image, the eiystal is still e&u- 
tiously turned until the upper black line seen by reflection approaches and 
overlaps the lower black hne seen dindly by another portion of the pupiL It 
is obvious, that if the plane of the crystal be quite parallel to tiie axis of tho 
instnunoit, (the latter being horisonlal,) the two lines will eoinoide oom- 
plele^. If^ however, this should not be the case, the crystal roust be moved 
upon the wax until |he two fines fitU in one when superposed. The second 
fhce of the ciystsl most then be adjusted in the same manner, care being 

* The triangalftr prism hu been chosen for tke sake of simplicity ; but a monient'f 
eonsideratiDn will show lliat the rale applies equally well 10 any other figure. 
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taken not to' derange the positibn of the first When by repeated oliservktioit 
it is found that both have been correctly placed, so as to bring the edge into 
the required oonditioa of parallelisni with tfaer azii'of motion, ibe measure- 
ment of the angle may be made. ' 

For this purpose the crystal is moved as before by the inner axis until the 
image of the upper line, reflected from the first face of the crystal, covers the 
lower line seen directly. The great circle, carrying the whole with it, is thai 
cautiously turned until the same coincidence of the upper with the lower line 
is seen by means of the second face of the crystal ; that is, the second face as 
brou^t into exactly the same position as that previously occupied by the first. 
Nothing then remains but to read tff by the vernier the angle through which 
the circle has been moved in this operation. The division upon the circle 
itself is very often made bacheardif so that the angle of motion is not obtained, 
but its supplement, or the angle of the crystal required. 

It may be necessary to remark, that although ^e principle of the operation 
described is in the highest degree simple, its successful practice requires con- 
sideralde skill and experience. 

If a crystal of tolerably simple ibrm be attentively considered it will become 
evident ^lat certain directions can be pointed out in which straight lines may 
be imagined to be drawn, passing through the central point of the crystal firom 
side to side, from end to end, or from one angle to that opposed to it, &c, 
about 'W'hich lines the parti(des of matter composing the crystal may be con- 
ceived to be symmetrically built up. , Such lines or axei are not always purely 
imaginary, however, as may be inferred from the remarkable optical proper- 
ties of many crystals ; upon their number, relative lengths, position and in- 
clination to each other depends the outward figure of the crystal itself. 

All ciystalline fbrms may upon this plan be arranged in six dasses or 4ys* 
temo— th^se are as fbllows:— T 

1. The regular tygtem.-^The crystals of this cBvision have three equal axes, 
all placed at right angles to each other. The most important forms are the 
cube (1), the regular octahtdron (2}j and the rhombic dodecahedron (3). 

Fig. 130. 
IS s 





• 

- The letters o^-a show the terminations of the three axes, placed as stated. 

Very many substances, bodi simple and componnd, assume these forms, as 
most of the metals, carbon in the state of dianuMdd, common salt, iodide of 
potassium, the ahuns, fluorspar, bisulphuret of iron, garnet, spinelle, &c. 

2. I%e tquare priimaHe B§dem, — ^Three axes are here also observed, at 
right angles to each other. Of these, however, two only are of equal Imglh, 
the third being usually longer or shorter. The most important fbrms are : 
A right §quare ffriem, in whidi the lateral exes terminate in the central point 
of each side (1) j a ticond right square prism, in which the axes terminate in 
the edges (2>j a corresponding pair of rightyeqfMte boMed octahedra (3 and 4). 




i—t. Seoondtry, or launl 



E^iBinples of these tonus are to be round in zircon, nntiTe oiida of tin, 
■ipophjllite, jellow fenocyantde of poOuaiuiD, &0. 

3. Tkt rigia pritmatic tyimk — This is chaiacterized by three axea ot nn- 
equal lengfts, pbced at r^htmiglBs to each other, as in the right rtaamgular 
pritm (1), the right rhombic prion (8), the ngAC mtangidar-batid octidudnm 
(3), and the right rhombie biatd oetahtdnm (4). 




The sjrstem is eieiQplifl«d in snlphnr etptaUised at a low tempennue, 
■ttenical iron pyrites, nitrata and sulphate of potash, sulphate of baryta, &c. 

4. Tht obUqut primutic ly^tm. — Crystals beltniging to &i9 groop have also 
three axes, which may be all oneiiual j two of th^se (the Becoodary) ais 
placed at tigfat angles, ^B third being so inclined as lo be oblique to one and 
perpendicnlai to the other. To this system may ba referred the four follow- 
ing forms: Tlu obliqtti reaangular prittn (1), the lAUqut rhonJnc prtim (2), fA«, 
DifijUc Ttctangular-baiid odahidroti {3), tht oUiqut rhon^ndtued ottahedron (4]. 




a— a> Tria^iMj i^l*. 



Sach ibrnu ue taken Iqr snlpfaai crritallized by faiaoa and wwliogi rea^or, < 
lulpbale, oBitxuuUe, and phoqiluie of aoda, bono, groea littiol, and nuatf 

S. TAeiIi>u%-oUvrMpnMurfuiVilan. — ThecrjalsliiQeroiiiucompiekeuded 
in this diviiion are, braa theii craat apparont irregolaiitr, aiXBtdingljr diC- 
ficull to Btudf and undeistand. Is tbem aie Daoed tfaxae usi, wtu^ maj 
be all uneqiud in lengtb, and aie all oblique to each other, as in the two 
daubh/^tbUqut primu ( 1 and 2), and in the coneaponding d»ubly obSgtK aebt- 
Judra (3 and 4J. 

Fig. 134 




< 8«Eoalanr axM. 



f. Ife rhomM td fal ij»«m.— This is very Important and' eitBnsive ; it is 
ObaisenHxed b^ (be pteience of fiur axes, fttee of Whi<^ aie equal, tn the 
■Une plane, and Incb^ed ta each othei at angles of 60°, while &e ftnirtk or 
principal axis is psrpendumlar to all. The rtgtiiar litnidtJ pritm (1), the 
guarU-daditalitdron (3J, the rhondioludnm (3), and a mcdnJ dodecahedion, 
whose face* an scalene triangles (4), belong to the syslem in quaition. 
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Fig. 135. 

» 3 





a— a. Ptincipal axis. 
b^b. ddcondfary axes. 

Examples are readily fbund; as in ice, calcareous epari iiilmte of soda, beryl, 
quartz or rock crystal, and the semi-metals, arsenic, antimony and tellurium. 

If a crystal increase in magnitude by equal additions on every part, it is 
quite clear that its figure must remain unaltered; but, if from some cause this 
increase should be partial, the newly-deposited matter being distributed un- 
equally, but still in obedience to certain definite laws, then alterations of form 
tie pioduodd, giving rise to figures wBieh hate a direct geometrical ooniieotSoii 
with that from which they are derived. If, for example, in the cube, a regular 
omiBBion of sooceissive ^rows of particles of matter id a certain order be made 
at eteh soKd angle, while the crystal continues to increase elsewkbre, the* 
fesulc will be the prodnctioii of small triangular plnjfies, which as the process 
sd>fBnces, gradually usurp the whole of the surfhce of the crystal, and oonv«rt 
the cube into an oetahedron. TThe new planes are cabled Moimdta^ and their 
production is sold to take place by regiriar dechmenti'viipon ihe solid aagleB. The 
same thing may happen on the edges of tiiie cube; a new figure, the rhombia 
dodecahedron, is &en genemted. The modifications whieh can thha be pro- 
duced of the eriginal or primary figure ;^--all of which are subject to eoEsot 
geometrical laws j-'-are very numerous. Several distinct modifications may be 
present at Ae same time, and thus render tato form exceediiigly complex. 

Pig. 130. 






Passage of cube to octahedron. 

It is important to observe, that in all these deviations firom what may be 
xegarded as the juimaiy or fun^famaalail fii^e of the crystal, the modiQdJog 
ptoaes are in j^wt th$ pUuiei ^ figptru bdoagiittg to the ionie natural finmp or 
cn/ttaUographical tyttem om the primary fomif ond having their axet coinadenf vritk 
tkm 0^ the iptUr, The orystaJfl'Qf ea^ system ajre thus subjeOt to a peculiar 
and distinct set of modifioaticms, the observation of which very firequently con* 
stittttes an ezoellexM( 0u49 to the ducoveijr ctf the piiiBMry form itself. 
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Crystals often cleave parallel to all the planes of the primtiry figure, as in 
calcareous spar, which offers a good illustration of this perfect cleavage. Some- 
times one or two of tdese planes have a kind of preference over the rest in this 
respect, the crystal splitting readily in these directions only. 

A very curious modification of the figure sometimes occurs by the excessive 
growth of each alternate plane of the crystal; the rest become at length obli- 
terated, and the crystal astomes the character called hemUiedral or half-tiM. 
This is well seen in the production of the tetrahedron from ihb regular octa- 
hedron, and of the rhombohediio fomi by a similar change from the quartz- 
dodecahedibn already figured. 

Fig. 137. 






Passage of octahedron to tetrahedron. 

Jtelatiofu of form and comtUuium ; uomorp/^ifm.— -Certain substances to which 
a similar chemical constitution is ascribed, possess the remarkable property of 
exactly replacing each other in crystallized compounds without alteration of 
the characteristic geometrical figure. Such bodies are said to be uomorphcnu.* 

For example, magnesia, oxide of zinc, oxide of copper, protoxide of iron, and 
oxide of nickel, are allied by isomorphic relations of the most intimate nature. 
The salts formed by these substances with the same acid and similar propor^ 
tions of water of crystallization, are idendcal in their form, and when of the 
same color, cannot be distinguished by the eye; the sulphates of magnesia and 
zinc may be thus oonibunded. The sulphates too all combine with sulphate 
of potash and sulphate of ammonia, giving rise to double salts, whose figure 
is the same, but quite different from that of the simple sulphates. Indeed this 
connection between identity of form and parallelism of constitution runs through 
all their combinations. 

In the same manner alnilnina and peroxide of iron replace each other con- 
tinually without change of crystalline figure; the same remark may be made 
of potash, soda, and ammonia with an equivalent of water, or oxide ef am- 
monium, these bodies being strictly isoroorphous. The alumina in common 
alum may be replaced by peroxide of iron ; the potasli by ommonia, or by soda, 
and still the figure of the crystal remains unchanged. 

When compounds are thus &fwaA to correspond, it is inferred that the ele- 
ments composing them are also isomorphons. Thns the metals magnesium, 
zinc, iron, and copper are presumed to be isomorphous; arsenic and phospho- 
rus should present the same crystalline form, because arsenic and phosphoric 
acids give rise to combinations which agree most completely in figure and 
constitution. The chlorides, iodides, bromides, and fluorides agree, whenever 
they can be observed, in tl^e most perfect manner; hence the elements them- 
selves are believed to be also isomorphous. Unfortunately, for obvious reasons, 
it is very diMcult to observe the crystalline figure of most of the elementary 
bodies. 

Anomalies in the composition of various earthy minerals which formerly 

• From i#«c, equal, and f*t^% ika^, or ibrm. 



QHBintTRT OF TBB HKTltS. 



18S 



thTew. mu&h obscurity upon their chemical nature, have been' in great measure 
explained by these discoveries. 

Specimens of the same mineral from different localities were found to sfEbtd 
yery discordant results on analysis. But the proof once given of the extent 
to which substitution of isomorphous bodies may go without destruction of 
what may be called the primitive type of the compound, these difficultieft 
vanish. 

Another benefit conferred on science by the discoveries in question, is that 
of furnishing a really philosophical method of olassi/ying elementary and 
compound substances, so as to exhibit their xiatural relationships; it would be 
perhaps more proper to say that such will be the case when the isomorphic 
relations of all the elementary bodies, become known,— «t present only a cev* 
tain number have been traced. 

Decision of a doubtful point concerning the constitution of a oompound 
may now and then be very satisfactorily made by a reference to this same 
law of isomorphism. Thus, alumina, the only known oxide of aluminum, is 
judged to be a sesquioxide of the metal from its relation to peroxide of iron, 
which is certainly so; the black oxide of copper is inferred to be really the 
protoxide, although it contains twice as much oxygen as the red oxide, becanse 
it is isomorphous with magnesia and zinc, both undoubted protoxides. 

The subjoined table will serve to convey some idea of the most important 
&milies of isomorphous elements ; it is taken fh)m Professor Graham's sys* 
tematic work, to which the pupil is referred for fuller details on this interest- 
ing subject 





Jbomoq>hou9 groupt. 




(1) 


(3.) 


„ (6) 


Chlorine 


Phosphorus 


Magnesium 


Iodine 


Arsenic 


Manganese 


Bromine 


Antimony. 


Iron 


Fluorine. 


(4-) 


Cobalt 


(2.) 


Barium 


Nickel 


Sulphur 


Strontium 


Zinc 


Selenium 


Lead. 


Copper 


Teilurinm. 


(5.) 


Cadmium 




Silver 


Aluminum 




Sodium 


, Chromium 




Potassium 


Calcium 




Ammonium. 


Hydrogen 1 



There is a law eonceming the formation of doublersalts whichi may now }» 
naentioned; the two bfLses «re never taken from the same isomorphous family. 
Sulphate of copper or of zinc may unite in this manner with sulphate of soda 
or potash, but not with sulphate of iron or cobalt; chloride of magnesium may 
combine with chloride of ammonium, but not with chloride of zinc or nickel» 
&c. It will be seen hereafter that this is a matter of some importance in the 
theory of the organic acids. 

Poiybatic acidt, — ^There i^ a particular class of acids in which adepartnra 
occurs from the law of neutrality formerly described ; thi^se are adds requiring, 
two or more equivalents of a base for neutralization. . The phosphoric and 
arsenic acids present the only examples yet known in mineral chemistry, but 
in the organic department of the science cases very frequently occur. 

Phosphoric acid is capable of existing in.thlree different states or modiflca^ 
tions, forming three separate classes of salts which differ completely in pro> 
perties and oonstitution. They are distinguished hy the names tribatic, bibatie, 
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»ad mottokatk aavlfli Booofdingto the nambBr of eqiiiTalent»of bate leqnired 
to £>rm neutral salts. 

Tribatkf or commM pkotphorie MieL^-WhiBn commercial phoq[>hate of soda 
m dissolved m water and the solution mixed with acetate of lead, an abond' 
ant white precipitate of phosphate of lead fidls, which majr be collected on a 
filter, and well washed. While still moist^ this compound is aospended ia 
distilled water, and an excess of sulphuretted hydrogen gas passed. The 
«xide of ktad is coturerted into siilphttret, which subodes ae a bhich insoluble 
fureeipitate, while ^ospborie acid remains in solution, and 10 easily derived 
ef the Eesidual sulphoxetted hydrogen by g^xtle heat 

The soda-salt emi^yed in this experiment oontaina the tribaaie modiflcaK 
tioa of phoBj^uwie acid) of the tbvee equivalents of base^ two oonsist of soda 
and one of water ; when mixed with solution of lead, a tribaaie phosphate o£ 
^le-oxid^of that metal 6U0) which, when decon^^osed by solF^tBetted hydro- 
9sn, yields ssdphiicet; of Vead asd a hydxate of tiie acid oontaining three equi- 
videnie of waten in intimate oombinatiQa. 



phosphate of 
soda 



3 eq. aoettite M* 
lead 



"2 eq. sediet 
1 " water 

1 « phos- ) 
j^ecicacid 3 

2 eq. acetic acid 
1 ^ ^ acetic acid 

3 " oxide of lead 




Z3 eq. acetate of soda^ 
^1 ** hydxated acetic acid. 



1 eq. tribasie phos- 
|>hateofIead 

3 eq. sulphuretted 
hydrogen 



deq.lead ^ 
. 3 " oxygen 
' 1 « phos- ) 

phone acid ) 
i 3 eq. sulphur 
{ 3 " hydrogen 




1 eq. tribasie phosphate of 
lead. 



3 eq. sulphuret of lead. 



1 eq. tribasie hydrate of phos* 
phone acid. 

The solutaoa of tribasie hydrate may be donce^trated by evaporation in 
vacuo oves sulpthuric acid until it crystallizes in thin deliquescent plates. 
The sameoGimiMMiiid in beautifiil crystals^ neaembling those of sugar-candy, 
has been, a p ni d e n t a lly fermed.* It undetyoeB no change by^ boiling wiUi 
water, but when heated alone to 400^ lesee some of its combined water and 
becomes eoikveited, into a mixture of the bibasic and monobasic hydrates. 
At a red-heat^ it becomes entirely changed to monohydrate, which, at a still 
highee tenpe^sunnr, mWinwos, 

TrabasiD pbosphosis aeid is oharaotariKed by the y«He>vr insoluble anlt H 
terns with oxide- of til^MV. 

Bibatie jAuphorh «mf / otherwise ealied ffmpkttphcuiie ooMU-^'Wheii ooitt- 
Stton. pheapbate of soohiv contuniag^ 

2NaO,Ha,P05+24HO 

Jrgeni^ htBtad^lhe S24 eqtdvalexits of water of erysadlizaticm are expelled, 
aid tike salt beoomee aahydious, but if the heat be nosed 10 a hii^er point, 
ikt beam water is also «hiven 0S, and the acid passes into tiie second at 
IMbas&o nodiAcsdoiL U thie altcored sah be now dissolved in wialer, fhia neiw 
compound^ the biboaiir phesphaae of sodaj erysiallizee out "When mixed 
witik solutknr of acetate of lead, faftasio piiosphate of lead is thnnm down, 

• imm\ Ana* Cbim. eiP^gnbilxjdp. p,«61 



which, deooKBpQsed la^ nUphtup^ted hjcbiog«ni fiirmihw n solataoa o# iha 
hibasic hydrate. This solution xjaay be preseryed without change at ooniBioo 
tempeiatunes, but when heated, an equayalent of water is taken up,, and the 
Wihstance pames back agiain into the tribasia modificatkni. 

Crystals of this hydrate have aJjso been observed by M. Peliget Their 
pcoductiflp was also accidental. The bibasic phosphates soluble in water giipie 
% white pcecipitate with solulioa.of solver. 

Manobatic, ox mgUigJwtphork add*'^Wh9m coounon tribasSo phosplisrte of 
aoda is mixed with solution of tiibasio hydrate of phoopheiie acid, and ex* 
fosed aAer prqpf r OQnoeatration to a low temperaluie, priinaatie crystals are 
obtained, which, consist of a phosphate of soda having two equiv^ients of 
basic water. 

mo , sEo , pOg+a'HO. 

When, this Mdl ]» ^fety strongly hente^both tbe water ef eiyqlBlliaatkin and 
that contained in the base are expelled, and moQobasia pheipfaafeeof soda r» 
mains. * Tk» «iqr be dMetved- ia odd waner^ preciipitated wdth aoetate of 
lead, and ^ Isad-siiit ii» befi»ie deoompoBod by sHl^hiimtted hydcogsn. 

The solmtioq. of the monobasie hydrate is deoomposed rapidly by heaty be^ 
gomi ng oonywted into tiibasio hydrate. It possesses the propetty of ooagu* 
lating albumeuj which is vet. ei^ctyed b|r either of the preoedhig nwdiflwuiq iBsc 
Monobasic alkaline phospha.tes precipitate nitrate of silver white. 

The glacial phosphoric acid of pharmacy is, when pure, hydrate of mono- 
basic phosphoric acid; it contains HO , FO^. 

Anhydrous phosphoric acid, prepared by burning phosphorus in dry air, 
when thrown into water f6ymft a- vttriaUe miktore of the three hydrates. 
When heated, a solution of the tribasic hydrate alone remains.* 

Binary thexiry of taUt. — ^The great resemblance in properties between the 
two classes of saline compoqndsi. the haloid and pzy-salts, has yery naturally 
led to the supposition that both might possibly be alike ^onsiatuted, and that 
the latter, instead of being considered compounds of an.^ozida and an acid, 
might with greater propriety be considered to contain a metal in union with 
a compound salt>radical, having the chemical relation of chlorine and iodine. 

On this supposition sulphate and aittater of potash will be constituted in the 
same manner as chloride of potassium^ the compound zadiCaji rej^lacing the 
simple one. 

Old view. New view. 

KO+SO. K+SO. 

KO+NOg K+NO^ 

Hydrated sulphuric ad^ will be like hydrochloric acid» H hydruretof a salt- 
mdicaL 

H+SO4. 

When the latter acts upon metallic zinc, the hydrogen^ is- sisq?^ displacedi 
and the metal substitntea; ho decomposition of water is supposed to occur* 
and, consequently, tiM' diilculty of the old hypothesis' is at an ettd^ When the 
acid is poured npgtt a metallic oxide, the same reaction ooetors as in tbe case 
of hydrochloric add, wttter and a haloid-salt lure produced. All acids must 

• The three modlficsUoaa of phosphoric acid pofseai propertuen^ffdiAimilar that they 
might really be considered three distinet. although intimatelv rela^, bodies. It is e±« 
ceedingly remarkAUe- tfasct wtien their salts are subjected lb eleetro^eheinieal deeomposi- 
tion, the oeuis travtl unaUered^ a tribasio salt giving at the positive electrode a solution 
of common phosphefic acid, a bjbasMr aah, due eC|>y<B!nlins|rf<i>ie<aB>d, aad asseaobaiic 
salt, one of aet«phmn»lN»nft aoUt' (JPssliMier IMsH. aad. B&MiMes^ FhM. Ttan*. for 
18«,p.l.) 
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be, in fiiot, hydrogen adds, and all salts haloid-salts, wldi either simple or 
compound radicals. 

This simple and beautiful theory is not by any means new; it was sug- 
gested by'Dayy, who pioposed to consider hydrogen as the acidifying principle 
in the common adds. It is supported by a good deal of evidence cleriyed 
fiote various sources, and' has lately receiyed great he]p'from a series of ex- 
ceedingly interesting experiments on the electrolysis of saline solutions, by 
Professor Daniell.f The necessity of creating a great number of non-isolabla 
compounds is often urged as an objection to the new view ; but the same 6b- 
jeotioo applies to the old mode of considering the subject; a compound of 1 
eq. nitidgen, and 5 eq.'oxygen is as hypothetical as one containing 6 eq. of 
ox]rgen. Absolute nitric add is altogether unknown; the samei remark ap* 
plies to almost eveiy one of the organic acids; and, what is well worthy of 
notice, those adds whidi, like sulphuric, phosphoric, and carbonic acids, may 
be obtained in a sepante states are dutituiK of off odtf propertia so long as ths 
amhjfdniu timdUiim ii retakied, 

"Die real difficulty in the geneial application of the binaiy theory is pre- 
sented by the three modifications of phosphoric add. If th^ could be ex- 
plained away in a satisfactory manner, there seems no reason to object to its 
adoption, which would greatly simplify many parts of the sdenoe. One great 
inconvenience would be the change of nomendature involved. 



CIASSZKOATIOir OM UTALS. 

1. 

MitaU€f1htJXha»9, 

Pbtassium, ^ ' Lithitun, 

Soditun, Ammonium.'l* 

2. 
Mttak of Urn MnUm Earthi. 

Blurium, Calcium, 

Strontium, Magnesium. 

3. 

MetdU of the Earthi Proper, 

Aluminum, Zirconium^ 

Gluciniiun, Thorium. 

Yttrium, 

4. 

Oxidahk Metah Proper^ whote Oxidegform powerful Baue, 

Manganese^ Cadmiumt 

Iron, Bismuth, 

Nickel^ Lead, 

Cobalt, ' Uranium, 
Copper, Cerium, 

Zinc, TAT>tnnum. 



• See Daniell's Introdnetioa to Chemical Philosophy, 91 edit, p. 833. 
t This hypothetical substance is mecdy placed with the metals for < 
venience, as will be appareat in the sequel. 
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6. 

Oxidabh Metab Proper^ whote Oxidt$form weak Bata, or Jlad», 

Chromium, Tin, 

Vanadium, Antimony, 

Tungsten, Arsenic, 

Molybdenum, Tellurium, 

Colmnbium, Oamimn. 
Titanium, 

6. 

Mitdk Proper^ whoti Oxides are reduced by Heat; NdbUe Mutah. 

Grold, Palladium, 

Mercury, Iridium, 

Silver, Rhodium. 
Platinum, 



iw 



no wTvmxm. 



SECTION I. 

METALS OF THE ALKALIS. 

I^W III ' ■ jl^ ■! I ■ ■ 

POTilSSIUX. 

PoTi.8sn7X was discovered by Six H. Davy in 1807, who obtained it in very 
■mall quantity by exposing a piec^^of moistened hydrate of potash to the 
action of a powerful voltaic battery, the alkali being placed between a pair of 
platinum plates put into connection with the apparatus. Processes have since 
been devised for obtaining this curioos metal in almost any quantity that can 
be desired. 

An intimate mixture of carbonate of potash and charcoal is prepared by 
calcining, in a covered iron pot, the crude tartar of commerce ; when (X)ld, it 
is rubbed to powder, mixed with one-tenth part of charcoal in small lumps, 
and quickly transferred to a retort of stout hammered iron ; the latter may be 
one of the iron bottles in which mercury is imported, a short and somewhat 
wide iron tube having been fitted to the aperture. The retort is placed upon 
its side, in a furnace so constructed that the flame of a very strong fire, fed 
with dry wood, may wrap round it, and maintain every part at a uniform 
degree of heat, approaching to whiteness. A copper receiver, divided in the 
centre by a diaphragm, is connected to the iron pipe, and kept cool by the 
application of ice, while the receiver itself is partly filled with naphtha or 
rock-oil, in which the potassium, is to be preserved. Arrangements being 
thus completed, the fire is gradually raised until the requisite temperature is 
reached, when decomposition of the alkali by the charcoal commences, car* 
bonic oxide gas is abundantly disengaged, and potassium distils over, imd 
falls in large melted drops into the liquid. The pieces of charcoafare intro- 
duced for the purpose of absorbing the melted carbonate of potash, and pre- 
venting its separation from the finely-divided carbonaceous matter. 

If the potassium be wanted absolutely pure, it must be afterwards redis- 
tilled in an iron retort, into which some naphtha has been put, that its vapor 
may expel the air, and prevent oxidation of the metaL 

Potassiimi is a briUiant white metal, with a high degree of lustre ; at the 
common temperature of the air it is soft, and tnay be easily cut with a knife, 
but at 32^ it is brittle and crystalline. It melts completely at 150^, and dis- 
tils at a low red-heat The density of this remarkable metal is only *865, 
water being unity. 

Exposed to the air, potassium oxidizes instantly, a tarnish covering ^e 
surfiice of the metal, which qnickly thickens to a crust of caustic potash. 
Thrown upon water, it takes fire spontaneously, and burns wiih a b^utiful 
purple flame, yielding an alkaUne solution. When brought into contact with 
a little water in a jar standing over mercury, ihe Hquid is decomposed with 
great energy, and hydrogen liberated. Potassium is always preserved under 
the surface of naphtba. 

The equivalent of potassium (kaliimi) is 39*19, and its symbol K. 

There are two compounds of this metal with oxygen^— -potash and peroxide 
of potassium. > 
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Potash ov «B«TOxn>x, KO, is p3;odQcecl -vrhen potasskim is heated in dry 
air; tbe metal bums, and becomes eiitiiely conveited into a rolatile, fhsfUe^ 
white Bobstanoe, which is- anhydrons potash. Moistened with water, it evoiTet 
great heat, and fbrms the hydrate. 

HTimATB OF voTASHjKO, HQ^^This is a Tery important stAistaBee, and one 
of great practical utility. It is always prepared for use by decomposing the 
eaibonate by hydrate of 'lime, as in iie following process, whi^ is very oon^ 
▼enient: 10 parts by carbonate of potEish are dissolved in 100 parts of water, 
and heated to ebullition in a clean untinned iron, or, stUl better, sRver Tessd; 
8 parts of good quid^ime are meanwhile slaked in a covered basin, and Ham 
resulting hydrate of lime added, little by little, to the boiling splu6on of car^ 
bonate, with flpequent stilting. When all the lime has been introduced, tiie 
nature is snfiered to boil a lew minutes, and then removed from the Hre, 
and covered up. In the course of a very short time, the scdution will have 
become quite dear, and fit for deeantation, the eaibonate of lime wilii flie, esf 
eess of hydrate, settling down as a heavy, sandy precipitate. The solution 
should not effervesce with adds. 

It is essential in thisproeess that the solution of eaibonate of potash be 
dihite, otherwise the deoomposition becomes imperfect; the proportion c^lime 
recommended is much greater than that requixvd by theory, but it is always 
proper to have an excess. 

The solution of hjrdrate, or as it is commonly called, eaustic potash, may 
be conoentmted by quick evaporation in the iron or silver vessel to any de- 
sired extent; when heated until vapof of water ceases to be disengaged, and. 
then suffered to cool, it fhmishes the solid hydrate, containing ^gle equiva- 
lents of potash and water. 

Pure hydrate of potash is a white solid substance, very ddiquescent and 
soluble in water ;^loohol also dissolves it freely, which is the case with com- 
paratively few of the compounds of this base; the solid hydrate of commerce, 
which is very impure, may thus be purified. ^ The solution of this substance 
possess e s, in the very highest degree, die properties termed alkaline ; it restores 
the blue color to litmus which has been reddened by an acid; neutralizes 
completely the most powerful acids; has a nauseous and peculiar taste, and 
dissolves the skin, and many other organic matters, when the latter are sub- 
jected to its actioi^. It is constantly used by surgeons as a cautery, bein^ 
moulded into little sticks for this purpose. 

Hycbfate of pottish, both in the solid state and in solution, rapidly absorM 
carbonic acid from the air ; hence it must be kept in closely stopped bottles: 
When imperfectly prepared, or partially altered by exposure, it effervesces with 
an acid. '' 

The water in ihis compound cannot be displaced by heat, the hydrate vola- 
lilizing as a whole at a very high temperature. 

The following table of the densities and value in real alkali of different 
solutions of hydrate of potash is given on the authority of Dr. Dalton. 









Per eealage of 




Per.centaaefff 


Density. real alkali. 


. Density. 


rtsl alkali. 


1-68 . . . 51-2 


, 1-33 


26-3 


1-60 






46-7 


1*28 


33-4 


1-52 




' 


42-9 


1'23 


19-5 


1-47 






39^ 


119 


16-3 


1-44 






36-8 


1-15 


130 


1-42 






34-4 


Ml 


9-5 


1-39 






32-4 


1-06 


. . 4-7 


1-36 






29-4 




> 



IBS POTASfllUlf. 

-PnoxzDi OF POTissivx^KOg.—- Tbi3 is an orange-yellow fusible snbstance, 
generated when potaaaium is burned in excess of dry oxygen of gas, aiid 
also formed, to a small extent, when hydrate of potash is long exposed, in a 
melted state, to the air. When .nitre is deoomposed by a strong heat, peroxide 
of potassium is also produced. It is deoomposed by water into potash, which 
imites with the latter, and into oxygen gas. 

CxKBovxTx OF POTASH, EOjOO^-l-SHO. — Salts of potash containing a 
vegetable acid are of constant occurrence in plieuitSj where they perform im- 
portant, but little understood, functions in the economy of those beings. The 
potash is derived from the soil, which, when capable of supporting vegetable 
life, always contains that substance. When plants are burned, the organic 
adds axe destroyed, and the potash left in the state of carbonate. 

It is by these indirect means that the carbonate, and, in fact, nearly all the 
salts of potash, are obtained ; t)ie great natural depository of the alkali is the 
felspar of gratnitic and other unstratified rooks, where it is combined with 
aili<», and in an insoluble State. Its extraction thence is attended with too 
many difficulties to be attempted on the large scale; but. when these rocks 
disintegrate into soiii^ and the alktdi acquires solubility, it is gradually taken 
up by phmts, and accumulates in their substance in a condition highly fkvat' 
able to its subsequent applications. 

Potash-salts are always most abundant in the green and tender parts of 
plants, as ma^be expected, since from these evaporation of nearly pure water 
takes place to a large extent; the solid timber of forest trees contains com- 
paratively little. 

In preparing the salt on an extensive scale, the ashes are subjected to a 
process called lixiviation : they are put into a large cask or tun, having an 
aperture near the bottom, stopped by a plug, end a quantity of water is added. 
After some hours the liquid is drawn off, and more water added, that the whole 
of the soluble matter may be removed. The weakest sofuUons are poured 
upon ftesh quantities of ash, in place of water. The solutions are then eva- 
porated to djyness, and the residue calcined, to remove a little brown orgainic 
matter; the product is the crude potash or-pearlash of commerce, of which 
very large quantities are obtained from Russia and America. 

This salt is very impure | it contains silicate and sulphate of potash, chlo- 
ride of potasi^ium, &o. 

The purified carbonate of potash of pharmacy is prepared from the crude 
article, by adding an equal weight of cold water, agitating, and filtering; most 
of the foreign salts axe, from dieir inferior degree of solubility, left behind. 
The solution is then boiled down to a very snaall bulk, and suffered to cool, 
when the carbonate separates in small crystals containing 2 equiv. of water, 
which are drained from the mother-liquor, and then dried in a stove. 

A still purer ,salt may be obtained by exposing to a red heat purified cream 
of tartar (acid tBurtrate of potash,) and separating the carbonate fay solution in 
Water and crystallization, or evaporation to drjmesa. 

Carbonate of potash is extremely deliquescent, and soluble in less than its 
own weight of water ; the solution is highly alkaline to tes^paper. It is in- 
aohible in'alcohoL By heat, the water of crystallization is driven off, and fay 
a temperature of full ignition, the sah is fused, but not otherwise changed. 
This substance is largely used in the arts, and is a compound of great importF 
anoe. 

BiGAmBOVATX OP POTASH, KO, COg+HO, CO,. — ^When a stream of carbonic 
.acid gas is passed through a cold solution of carbonate of potash, the gas is 
rapidly absorbed, and a white, crystalline, and less soluble sub^ance sepa- 
rated, which is the new compound. It is collected, pressed, redissolved in 
warm Mrater, and the solution left to crystallize. 



BiaBrboiiiite-<^ potiuhis muoli less aoluhl6 than simple carbonate ; it re- 
quires lor that purpose 4 parts of oold Water. Tl^e eolation is nearly neutrffl 
to test paper, and has a much milder taste than, the preceding, salt When 
boiled, earbonio a«id is disengaged. The crystals, which are large and beau- 
tiful, derive their form from a right rhombic prism ; they are deodmposed b^ 
heat, water aod carbonic acid being es^tricated, and simple carbonate left be- 
himj. 

A sesqui-carbonate of potash is also said to exist. 

NrxmATS ov potxsh; iutbb; saltfbtsb, 1^0, NOg.*^This important com- 
pound is a na^tural product, beiog disengaged by a kind oC efflorescence from 
^e sor&ce of the soil in certain dry and hot countries. It may also be pro 
duced by artificial means^ namely, by the oxidation of ammonia in presence 
of a powerful base. 

Jn France, large quantities of artificial nitre are prepared by mixing animal 
refuse of all kinds with old mortar or hydrate of lime and earth, and placing 
the mixture in heaps,' protected from the rain by a roof, but flreely exposed to 
the air. From time to time the heaps are watered with putrid urine, and the 
mass turned over, to expose fresh surfaces to the air. When much, salt has 
been fcNn[iied,the mixture is lixiviated, and the solution, which contains nitrate 
of lime, is mixed with carbonate of, potash ; carbonate of lime is formed, and 
the nitric acid transferred to the alkali. The filtered solution is then made to 
ciystallize, and the crystals purified by re-solution and crystallization several 
times repeated. 

All the nitre used in this country comes fhnn the East Indies; it is dissolved 
in water, a little carbonate of potash added to precipitate lime, and then the 
salt purified as abov^. 

Nitrate of potash crystallizes in anhydrous six-sided prisms, with dihedral 
summits; it is soluble in 7 parts of water at 60^, and in its own weight of 
boiling water. Its taste is saline and cooling, and it is without action on vei- 
getable colors. At. a temperature below redness it melts, and, by a strong 
heat, is oompletelely decomposeid. 

"" When thrown on the surface of niany metals' in a state of fusion, or when 
mixed with combustible matter and heate4, rapid oxidatioii ensues, at the ex- 
p^ise of the oxygen of the nitric acid. Examples of such mixtures are found 
in oonmaon gunpowder, and in nearly all pyrotechnic compositions, which 
bom in this manner independently of the oxygen of the air, and even under 
water. Qmipowder is made by very intimately mixing together nitrate of 
potash, charcoal, and sulphur, in proportions which approach 1 equiv. nitre, 
3 eq. carbon, and 1 eq, sulphur. 

These quantities give, reckoned to 100 parts, and compared with the pro* 
portions used in the manufhcture of the English government powder,* the 
following results '^ — 

Theory. ProportionOn practice. 

Nitrate of potash . . . 74*8 . . 75 

Charcoal . . . . . 13*3 . . 15 

Sulphur . . . . . 11-9 . . 10 

100- 100 

The ' nitre is rendered very pure by the means already mentioned, freed 
from water by fusion, and ground to fine powder; the sulphur and charcoal, 
the latter being made from light wood, as dogwood or alder, are also finely 
ground, after wliich the materials are weighed out, moistened with water, 

« Dr. M'Calloch, Ency. Brit. 
13 



104 VOTASBlCUi' 

and thoroughly mixed, by grinding under an edge-mill. The mass is then 
subjected to great pressure, and the mill-cake' thus produced broken in pieoes 
and placed in sieves made of* perforated vellum, moved by machinery, each 
containing, in addition, a round-piece of heavy wood. The grains of powder 
brokeil off b]^' attrition, fall through the h<^es in the skin, and are easily sepa^ 
rated from the dust by sifting. The powder is, lastly, dried by exposure tp 
steam-heat, and sometimes glared or polished by agitation in a kind of cask 
mounted on an axis, 

When gunpowder is fired, the oxygen of th& nitrate of potash is transferred 
to the' carbon, fbrming carbonic oxide; the sulphur combiues widi the |x>taa- 
sium^ and the nitrogen is set' free. The large volume of gas thus produced, 
and still further expanded by the very, exalted temperature, sufficiently ac- 
counts for the explosive effects. 

Sulphate 6v Potass, KO, SO3. — ^The add residue left in the retort when 
nitric acid is prepared is dissolved in water,^ and neutmlized with crude car- 
bonate of potash. The solution furnishdb, on cooling, hard transpare|it crys- 
tals of the neutral sulphate, which may be re-dissolved in boiling watmr, and 
re-crystaUized. 

Sulphate of potash is soluble in .about 10 parts of cold, and in a much 
smaller quantity of boiling water; it has a bitter taste, and is neutral to test- 
paper. The crystals much resemble those of quartz in figiire and appeamboe ; 
they are anhydrous,:and decrepitate when suddenly heated, which is often the 
case with salts containing no water of crystallization. . They are quite insolu- 
ble in alcohol 

BiBULpaATB OF POTASH, EO, SOj-f-HO, SO3. — T\^e neutral sulphate in 
jk)wder is mixed with half its weight of oil of vitriol, and the whole evapo* 
rated quite to diyness,' in a platinum vessel, placed under a chimney; the 
fused salt is dissolved in hot water,- and lef^ to-crystaUize. The crystals have 
the ^figure of flattened rhombic prinns, and are much more soluble than the 
neutral salt, requiring only twice their weight of water at 60^, and less than 
half that quantity at 212°. The solution has a sour tliste dnd strong acid re- 
action. 

BisTTLPHATB OF POTASH, AKHTBBOTTS, KO, 2SO3.— -Equal Weights of neutral 
sulphate of potash and oil of vitriol are dissolved in a small quantity of warm 
distilled water, and set aside to cool. The anhydrous sulphate crystallized out 
in long delicate needles, which if left several days in the mother liquor dis- 
appear, and give place to crystals of the ordinary faydrated bisulphate above 
descril^ed. This salt is decom'pose<l by a large quantity of water.* 

SEsamsuLPHATX OP POTASH, 2 (KO, S03)-f-H0, SOg — A salt, crystalliziog 
in fine needles resembling those of asbec^tos, ami havhig the composition 
stated, was obtained by Mr. Phillips from the nitric acid residue. M. Jacque* 
lain was unsuccessful in his attempts to reproduce this compound. 

Chlobatx op potash, KO, ClO^. — ^The theory of. the production of chloric 
acid, by the action of chlorine gas on a solution of caustic potash, has been 
already described, (p. 125.) 

Chlorine gas is conducted by a wide tube into a strong and warm solution 
of carbonate of potash, until absorption of the gas ceases. The liquid is, if 
necessary, eyaporated, and then allowed to cool, in order that the slightly 
soluble (dilorate may crystallize out The mother-liquor affords a second crop 
of crystals, but they are much more contaminated by chloride of potassium. 
It may be purified by one or two re-crystallizations. 

Chlorate of potash is soluble in about 20 parts of cold, and 2 of boiling 
water; the' crystals are anhydrous, ^lEit, and tabular; in taste it somewhat re- 
sembles nitre. Heated, it disengages oxygen gas from both acid and base, 

* Jacquelain, Ann. Chlm. et PKys., vol. vii. p. 311. 
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tmd leaved chloride of potassium. By arresting the decohipb^ition When the 
evohicion of gas begins, and re-dissolving the salt, hyperchlorate of potash' and 
chloride of potassium may be obtained. 

This salt defiances violently with combustible .matter, explosion oAen 
occurring by friction or blows. When about one grain weight of chlorate, 
and an equal quantity of sulphur are rubbed in a mortar, the mixture explodes 
with a loud report; hence it cannot be used in the preparation of gunpowder 
instead of nitrate of potash. Chlorate of potash is now a large article of com- 
merce, being employed, together, with phosphorus, in making instantaneous 
light matches. ' .^ 

HTFSBCHik)RXTE^ OF POTASH, KO, ClO^. This ~has been already noticed 
under the head of hyperchloxdc acid. It is best prepared by projecting pow- 
dered chlorate of .potash into warm nitric acid, when the chloric acid is 
resolved into hyperchloric acid, chlorine, and oxygen gases. The salt is sepa- 
rated by crystallization from the nitrate. Hypefchlorate of potash is a very 
feebly soluble salt ; it requires 55 parts of cold water, but is more freely taken 
up at a boiling heat. The prystals a|;e small, and Imve the figure of an octa- 
hedron with square base. It is decomposed by heat, in the same manner as 
chlorate of potash. 

Si7LPHURE.T8 OF POTASSIUM.— Three distinct compounds of potassiCtm and 
sulphur are ^escribed, containing KS; KS3; and KS^. 

Sinqtle or mmiosulpkuret of potasnum^ is formed by directly combining the 
inetal with sulphur, or by reducing sulphate of potash at' a red-heat, by hy- 
drogen or charcoal powder* Another method is to take a strong solution of 
hydrate of potash, and after dividing it into two equal portions, saturate the 
one with sulphuretted hydrogen gas, and then add the remainder. The whole 
is then evaporated to dryness in a retort, and the residue fused. 

The nionosulphuret is a crystalline cinnabar-red mass, very soluble in 
water. The isolution has an exceedingly offensive and caustic taste, and is 
decomposed by acids, even carbonic acid, with evolution of sulphuretted hy- 
drogen, and formation of a salt of the acid used. This compound is a strong 
sulphur-base, and imi^tes with the sulphurets of hydrogen, carbon, arsenic, &c., 
forming crystallizable saline compounds. One of the^, KS-<|-HS, is produced 
when hydrate of potash is saturated with sulphuretted hydrogen, as before- 
menticAied. 

The higher sulphurets are obtained by fusing the monosiilphuret with 
difierent proportions of sulphur. They are soluble ipi water, and decomposed 
by acids, in the same manner as the foregoing compound, with this addition, 
that the excess of sulphur is precipitated as a fine white powder. 

Hepctr nUphum is a name given to a brownish substance, sometimes used in 
medicine, made by fusing together different proportions of carbonate of potash 
and sulphur. It is a variable mixture of tlie two higher sulphurets with 
hyposulphite and sulphate of potash. 

When equal parts of sulphur and dry carbonate of potash are melted 
together at a temperature not exceeding 482^ F., the decomposition of the 
salt is quite complete, and all the carbonic acid is expelled. The fused mass 
dissolves in water, with the exception of a little mechanically-mixed sulphur, 
with dark brown color, and tlie solution is found to contain nothing besides 
pentasulphuret of potassium and hyposulphite of potash. 

2 eq. r^*°'*''"'m m"^ eq. pentasulphuret of pot- 

3 eq. potash -^ 2 eq. oxygen. ^^^0^^^^ assium. 

1 eq. potash 




10 1 i» 5 10 eq. sulphur^"^ — --^^:;>5^ 

\i eq. suipuur^^ ^ ^^ sulphur — ^^ 1 eq. hyi^sulphite of potash. 



When the mixtoid has been exposed to a temperature approadhing that of 
fgnition, it is found on the contrary to contain sulphate d potash^ ansjog 
from the deoompositioh of the hjrposulphite which then occurs. 



12 eq. 
hyposul- 
phite of ^ 
potash 



t Q (3 ^9* potassium ' ■ ^ 3 eq. pentasulphoret o( 

®^ . < 3 eq. oxygen ^^^ potassium. 

V»*^l 9 eq. potash^ ^^ 




12 eq. hy- C 15 eq. sulphur- 
posulph. < 9 eq. sulphur- 
acid < 24 eq. oxygen ■■ — — ^' 9 eq. sulphate of potash* 



From both these mixtures the pentasulphuretof potassium may be extracted 
by alcohol, in which it disserves. 

When the carbonate is fUsed with half its weight of sulphur only^ then the 
ter-ortrito-sulphuret, KS^ is produced instead of that above indicated; 3 eq. 
of potash and 8 eq. of sulphur containing the eliements of 2 eq. trito-sulphuret 
and 1 eq. hyposulphite. 

The effects described happen in the same manner when hydrate of potash 
is substituted for the carbonate; and also when a solution of the hydrate is 
boiled with sulphur, a mixture of sulphuret and hyposulphite always results.* 

Chiobids ov pdtassiux. — KCl. — ^This salt is obtained in large quantity in 
the manufacture of chlorate of potash; it is easily purified fitnn any portions 
of the latter by exposure to a dull red-heat . It is also contained in. kelp, and 
is separated for the use of the alimi-maker. 

Chloride of potassium closely resembles common salt in' appearance, as- 
suming like that substance the cubic form of crystallization. The crystals 
dissolve in three parts of cold, and in a much less quantity of boiling water; 
they are anhydrous, have a simple saline taste, with slight bitterness, and fuse 
when exposed to a red heat Chloride of potassium is volatilized by a veiy 
high temperature. 

Iodise of potassiitx. — ^KI. — There are two different methods of preparing 
this important medicinal compound. 

(1.) When iodine is added to a strong solution of caustic potash free from 
carbonate, it is dissolved in large quantity, forming a colorless solution con- 
taining iodide of potassium and iodate of potash ; the reaction is the same as 
in the auEdogous case with chlorine. When the solutioii begins to be per- 
manently colored by the iodine, it is evaporated to dryness, and cautiously 
heated red-hot; by which, the iodate of potash is entirely converted into iodide 
of potassium. The mass is then dissolved in water, and after filtration, made 
to crystallize. 

(2.) Iodine, water, and iron-filings or scraps of zinc, are placed in a warm 
situation until the combination is complete, and the solution colorless. The 
resulting iodide of iron or zinc is then filtered, and exactly decomposed with 
solution of pure carbonate of potash, great care being taken to avoid excess 
of the latter. Iodide of potassium and carbonate of protoxide (if iron, or 
zinc, are obtained; the former is separated by filtration, and evaporated until 
the solution is sufiiciently concentrated to crystallize on cooling, Uie washings 
of the filter being added to avoid loss. 

Iodide of iron \ j ^^— ^ ^^^« °^ potassium. 

*^ ( Carbonic acid "^ ^ Carbonate of protox^e of iron. 

* Mitcherlieh, Lehrbaeh der Caieinie, ii. p. 47. 




T%e second i^efhod is on' the whole to be preferred. 

Iodide of potassimn crystallizes in cubes, which are oAen, from some unex- 
plained cause, milk-white and opaque; they are anhydrous, aiid iuse readily 
when heated. The salt is* very soluble in wat6r, but not deliquescent, when 
pure, in a moderately dry atmosphere ; it is dis^lved by alcohol 

Solutidn of iodide of potassium, like thdiserof aU< the soluble iodides, dis- 
solves a large quantitjr of free iodine^ forming a deep brown liquid, not de- 
composed by water. 

BmoMXiis o> PoTASSiiTH.— KBr.— This oompoiind may be obtained by pro- 
cesses oxaJbtly similar to those just described, substituting biomine for the 
iodine. It is a colorless and very soluble salt, quite indistinguishable in ap- 
pearance and general characters from the iodide. 



The salis of potash are colorless, when not associated with a colored 
metallb oxide or acid. They are all teiore or less soluble in water, and m|iy 
be distinguished by the following characters :— 

(1.) Solutidn of tartaric acid added to a moderately-strong solution of a 
pobish slilt, gives alter sbme time a white, crystalline precipitate of cream of 
tartar; the effect is greatly promoted by strong agitation. 

(2.) l^lutiOn of chloride of platinum gives under similar circumstances, a 
crystalline yellow ]^recipitate, which is a double salt of chloride of platinum 
and chloride of pbtassitim. Both thi^ compound aind cream of tartar are, 
however, soluble in about sixty parts of cold Mrater. An addition o( alcohol 
increases the delicacy of both tests. 

(3.) Perchloric acid, and hydrofluosilicic acid, give rise to slightiy soluble 
precipitates when added to a potash-salt } 

(4.) Salts of potash usually color the outer blow-pipe flame purple or violet 

SODIVK. 

This ineial ''Ma <5btained by Davy very lihortly aftet the discovery of potas- 
sium, and by similar means. It maiy be pjrepared in large quantity by decom- 
posing carbonate of s6da by charc()CLl at a h^h temperature. 

Six parts of az^ydibus carbonate of soda are dissolved in a little hot water, 
and miled with two parts of fiii^ly-powdered charcoal and one part of char- 
coal in lumpd. The whole is then evapohited to dryness, transferred to the 
iron retort before described, and heated in the same manner to whiteness. A 
receiver containing rockoil is adapted to the tube, and the whole operation 
carried on in the same way as when potassium is made. The process, when 
^ell conductisd, Op said to be easy and certain. 

Sodium is a silver-white metal, greatly resebibling pdtasMUm in every* 
respect; it is soft at common temperatures, melt^ at 194^, and oxidizes very 
itepidly in the air. Its specific gnlvity is *972. Placed upon the surface of 
cold water, sbditUn decomposes that litjuid , with great violence, but seldom 
takes fire tmless the motions of thtf fragment be restrained, and its rapid cool- 
ing diminished, by adding gum or starch to the water. With hot vrater it 
takes fire xtt once, burning with a bl^ht yellow flame, and giving rise to a 
solntkni df Mda. 

The equivalent of sodium is 29'S7, and its symbol (Natrium) Na. 

There are tv^d well-de«ned compounds of sodium and oxygen ; the protoxide, 
anhydxmis aodd, NaO, Aiid the peroxide, MaOj, or perhat)s, NaOj ; they arei 
fonned by buttdngsbdium in air or oxygeil gas, and resemble in ev6iy nspetit 
the corresponding compounds of potassium. 

Htdkatx of Soda.— NaO, HO.— This substance is prepared in practice by 
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decomposiog a somewhat dilate solution of carbonate of soda by hydrate of 
lime; the description of the process employed in the caseof hydrate of pota$h, 
and die precautions necessary, apply word for word to that of soda. 

The solid hydrate is a white, fusible substance, yery similar in properties 
to hydrate of potash. It is deUquescent, but dries up again after a time in 
consequence of the absorption of carbonic acid. The solution is highly alka- 
line, and a powerful solvent for animal matter; it is used in large (^UAi^tlty 
for making soap. 

The strength of a solution pf caustic soda may be rooghly determined from 
a knowledge of its density, by the aid of the following table drawn up by Dr. 
Salton. 



TAILI OE DBirSITT. 



Density. 

2-00 

1-85 

1-72 

1-63 

1-55 

1-60, 

1-47 

1-44 



Per centue of 

real soaa. 

77-8 


Density 
1-40 


636 


1-36 


53-8 


1-32 


46-6 


1-29 


. 41*2 


1-23 


36-8 


1-18 


34-0 


112 


31-0 


1-06 



Per eentage of 
real soda. 

29-0 

' 230 

230 

J9-0 

16-0 

13*0 

9-0 

4-7 



CxKBOHATf OF SosA. — ^NaO , COg-f-^OHO. Carbonate of soda was once 
exclusively obtained irom the ashes of sea-weeds, and of plants, sach as the 
Moltoia todOf which grew by the sea-side, or being cultivated in suitable locali- 
ties fbr the purpose, were afterwards subjected to incineration. The bariSa 
yet employed in 8oap*making, is thus produced in several places on the coast 
of Spain, as Alicant, Carthagena, &a That made in Brittany is called varec. 

Carbonate of soda is now manufactured on a stupendous scale from com- 
mon salt, or rather fianx sulphate of soda, l^ a piocess.of which the following 
is an Kiutline— 

A charge of 600 lbs. of common salt* is placed ^upon the hearth of a well- 
heated reverberalory furnace, and an equal weight of sulphuric add of sp. gr. 
1*6 poured upon it through an opening in the roof, and thoroughly mingled 
with the salt; hydrochloric acid gas is disengaged, which is usually allowed 
to escape by the chimney, and the salt is converted into sulphate of soda. 
This part of the process takes for completion about four hours, and requires 
much care and skill. 

The sulphate is next reduced to powder and mixed with an equal weight 
of chalk or limestone, and half as much small coal, both ground or crushed. 
The mixture is thr6\irn into a reverberatory furnace, and heated to fusion, 
•with constant stirring; 2 cwt is about the quantity operated on at once. 
When the decomposition is judged complete, the melted matter is raked from 
the furnace into an iron trough, where it is allowed to cool. When cold it is 
broken up intolittle pieces and lixiviated with cold or tepid water. The solu- 
tion is evaporated to dryness and the salt calcined with a little saw-dust in a 
suitable furnace. The product is the soda-ash, or British alkali of oonunerce, 
which, when of good quality, contains ^rom 48 to 52 per cent, of pure soda, 
partly in the state of carbonate, and partly as hydrate, the remainder being 
chiefly sulphate of soda and common salt, with oocasicxial traces of sulphite 
or hyposulphite, and also cyanide of sodium. By dissolving soda-ash in hot 

* Graham, Elements, p. 333., 
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watefy Altering the solution, ai!id then allowing it to oool slol^Iy, the carbonate 
is deposited in large transparent crystals. 

The reliction which takes place in the Calcination of the sulphate with chalk 
and coal<lust seems to consist, first, in the conversion of the sulphate of soda 
into solphuret of sodium by the aid of the combustible matter, and secondly, 
in the double interchange of elements between that substance and the carbon^ 
ate of Hme. 

Sulphuret C Sulphur . Carbonate of soda. 

of 8odiui|i t Sodium ...._^ 



Carbonate S I^me J ^^^^^ 
«f i;^*. < _ I Oxygen 




' Carbonic acid- — — ' ^^^^^^ Sulphuret of Calcium. 

The sulphuret of calcium combines with another proportion of lime to form 
a peculiar compound, which is insoluble in cold or slightly warm water. 

Other processes have been proposed, and even carried into execution, but 
the above is found most advantageous. 

The ordinary crystals>of carbonate of soda contain ten equivUents of water, 
bat by particular management the same salt may be had with seven equiva- 
lents, or sometimes widi only one, — these differ in figure from the preceding. 
The common form of the crystal is derived from an oblique rhombic prism ; 
they efiloresce in dry air, and crumble to white powder. Heated, they fuse 
in their water of crystallization: when the latter has been expelled, and the 
dry salt exposed to a fiiil red-heat, it mehs without undergoing chan^ The 
common crystals dissolve in two parts of cold, and in less than their own 
weight of boiling water; the solution has a strong, disagreeable, alkaline taste, 
and a powerful alkaline reaction. 

BiCABBOBTATS OT SoBA. — ^NaO, CO^-f-HO , COg. — ^This salt is prepared by 
passing carbonic acid gas into a cold solution of £e neutral carbonate, or by 
placing the crystals in an atmosphere of the gas, which is rapidly absorbed, 
while the crystals lose the greater part of their water, and pass into the new 
compound. 

Bicarbonate of soda, prepared by either process, is a crystalline white pow- 
der, which cannot be re-dissolved in warm water without partial decomposition. 
It requires 10 parts of water at 60^ for solution ; the liquid is feebly alkaline 
to test-paper, and ^as a much milder taste than that of the simple carbonate. 
It does not precipitate a solution of magnesiEu By exposure to heat, the salt 
is converted into neutral carbonate. 

A sesquicarbonate of soda containing 2NaO , 3C02-f-4HO has been described 
by Mr. Phillips; Uke the sesquicarbonate of potash, it cannot be formed at 
pleasure. This salt occurs native on the banks of the soda-lakes of Sakena in- 
Africa, whence it is exported under the name of Trona. 

jSScaXanBtry ; aneUym of hydrates and carbonates of the oBcaKes. — ^The gene- 
ral principle of these operations consists in ascertaining the quantity of real 
alkali in a given weight of the substance examined by finding how much of 
the latter is required to neutralize a known quantity of an acid, as sulphuric 
acid. 

The first step is the preparation of a stock of dilute sulphuric acid of deter- 
minate strength; containing, for example, 100 grains of real acid in every 1000 
grain-measures of liquid;* a large quantity, as a gallon or more, may be pre- 

• The capacity of 1000 grains of distilled water at 60c. The ^ain-measore of water 
is often found a very convenient and oteful unit of volume m chemical researches. 
Vesielt graduated on this plan bear simple comparison with the imperial gallon and 
pint, and frequently also enable the operator to measure out a liquid of known density 
mMead of weighiiig it 



pared at once bjr the following means. The oil of ritariol is first elamfai^ ; 
if it be good and of the sp. gr. 1*85 or near it, the process iS extremely simple ; 
every 49*09 grains of the liquid add contains 40*09 grains of abeotnte aoid ; ' 
the quantity of the kttor required in the gallon, or, 70000 grain-measures of 
dilute acid will be of course 7000 grams. This is equivalent to 8571 grains 
ef the oil' of vitriol, £» 

Bob] acid. Oil of vitriol. 

40-09 : 49-09 : : 7000 : 8571. 

All that is required to be done, therefore, is to weigh out 8571 grains of oil 
of vitriol,. and dilute it with so mudi water, that the misetwei when toid, shall 
mecuwe exactly one gallon* 

If very often happens, however that the oil of vitriol to be used is not so 
strong as that above-mentioned; in which case it is heo^ssary to discover its 
real strength, as estimated ftom its saturating power. Pure anhydrotils oarfoon* 
ate of soda is prepared by heating to duU redness, without fUsion, the bicwrbon- 
ate; of this salt 53*27 grains, or 1 eq., ooirespond to 31*27 grains of 8eda,aiid 
neutralifise 40*09 grains of real sulphuric aCicL 

A convenient quantity is carefully weighed out, and added little by little to 
a known weight, say 100 grains, of the oil of vitriol to be tried, diluted with 
four or five times its weight of water, until the liquid becomes quite neutral to 
test-paper. By weighing again the residue of die (»rbonate, it is at once known 
how much of the latter has been employed; the amount of real aoid in the 
hundred parts of oil of vitriol is then easily cakmlatad. Thus, vapgoae the 
quantity of carbonate of soda used to be 105 grains; then, 

r 

jF^. 138. Carb. soda. Salph. acid. 

53-27 i 40*()9 : I 106 : 79. 

79 grains of real' acid are consequently contained in 100 grains of oil 
of vitriol; consequently, 

'« 79 : 100 : : 7000 : 8861, ^ 

the weight in grains of the oil of vitriol required to make one gallon 
of the dilute add. 

The ^'alkalimeter^' is next to be oonstructed^ This is merely a 
1000-grain measure^ made of a piece of even, cylindrical glass tube^ 
about 15 inches long and '6 inch internal diameter, closed at one ex- 
tremity, and moulded into a spout or lip at the other. A strip of paper 
is pasted on the tube and sufiered to dry, after which the instrument 
is graduated by counterpoising it in a nearly upright position in the 
pan of a balance of moderate delicacy, and weighing into it, in suo* 
cession, 100, 200,, 300, &c., grains of distilled water at 60^, until the 
whole quantity, amounting to 1000 grains, has been introduced, the 
level of the water in the tube being, after each addition; carefully 
marked with a pen upon the strip of paper, while the tube is held 
quite upright, and the mark made between the top and bottom of the 
curve formed by the surface of the water. The smaller divisions of 
the' scale, of 10 grains each, may then be made by dividing by com- 
^"* passes each of the spaces into 10 equal parts. When the graduation 
is complete, and the operator is satisfied with its accuracy, the marks may be 
transferred to the tube itself by a sharp file, and the paper reorioved by a Uttie 
tepid water. The numbers are scratched on the glass with the bard end of 
the same file. IVhen thi§ alkalimcter is used- with the dilute acid described, 
every division of the glass will correspond to one grain of real sui^uzio acid. 
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Let it be lequired, by way of example, to test the commekdal iralae of soda- 
ash, or to examine it ibr scientific purposes : 50 grains of the sample are 
weighed oot, dissolved in a little warm water, and, if necessary, the solution 
filtered; the alkalimeter is then filled to the top of the scale with the testecid« 
•nd the latter poured fiom it into the alkaline solution^ which is tried fiom 
time to tune with red litnras paper. The addition of aeid must of course be 
made very cautiously as neutralization advances* When the solution, after 
being heated a few minutes, no longer afiects either Uue or red t&slL-Tpapex, the 
measure of liquid employed is read ofi*, and the quantity of soda present in 
the stete of carbonate or hydrate in the 50 grains of salt, found by the rule of 
proportion. Suppose 33 measures, consequently 33 grains of add, have been 
taken; theni 

Salph. aeM. Soda. 

40O9 : 31-2^ : : 33 : 25-6: 

The sample contains, therefore, 51*3 per cent of available alkali. 

It will be easily seen that the principle of the process described admits of 
very wide application, and that by the aid of the alkalimeter and carefully 
prepared test-ecid, the hydrates and carbonates of potash, soda, and Mtnnnninii^ 
both in the solid state and in solution, can be examined with great ease and 
accuracy. The quantity of real alkali in a solution of caustic ammonia may 
diuB be determined, the equivalent of that substance, and the amount of aoid 
required to neutralize a known weight, being inserted in the second and third 
terms in the above Rule-of-diree statement The same acid answers for alL 

It is often desirable in the analysis of carbonates, to determine directly the 
proportion of curbonic acid ; the following method leaves nothing to be desired 
in point of precision >— 

. A smaU. light glass flask of three or four ounoes capacity, with lipped edge« 
is chosen, and a cork fitted to it A piece of tube ahout three imdies long is 
drawn- out at one e^ktremityi and fitted) by means of a 
small cork and a bit of bent tube, to the cork of the fiask. Fig* 139. 

Hus tube is filled with fragments of diloride of calcium, 
prevented from, essaping by a little cotton at either end; 
the joints are secured fay sealing-wax. A short tube, 
closed at one extremity, and smaU enough to go into' the 
fiask, is also provided, and the apparatus is complete. 
Fiffy grains of the carbonate to be examined are carefiilly 
weighed out and introduced into the flask, together with a 
little water ; the small tube is then filled with oil of vitriol, 
and placed in the flask in a nearly upright position, and 
leaning against its side in such ^. manner that the aoid does not escape. The 
cork and chloride of calcium tube are then adjusted, and the whc^e apparatus 
accurately counterpoised on the balance. This done, the flask is slightly inp' 
elinad, so that the cSk of vitriol may slowly mix with ti^e other substances and 
decompose the carbonate, the gas from which escapes in a dry state from the 
QOitramity of the tube. When the action has entirefy ceased, the liquid is 
heated until it boils, and the steam begins to condense in the drying-tabe ; it 
is then lefl to cool, and weighed, when the loss indicates the quantity of cat* 
bonic acid. The acid must be in excess after the experiment When car- 
bonate <^ lime is thus analyzed* strong hydrochlcMrie acid must be substituted 
for the oil of vitriol. 

SvxjpHATX ov SODA, Glaubev salti NaO, SPg-|-10HO<— This is a by-prodact 
m several chemical operations) it may of course be prepared directly, if 
wanted pare, by adding dilute sulphurio add to saturation, to a solution of 
sarbonate of so^ It orystalUzes in a flgurd derived ftom an oblique rhombio 
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prism ; the crystals oontain 10 eq. of water, are efflorescent, and undergo 
watery fusion when heated, like those of the carbonate; they are soluble in 
twice their weight of cold water, and rapidly increase in solubility as tiie 
temperature of the liquid rises to Ql^.d F. when a maximum is reached, 100 
parts of water dissolving 322 parts of the salt Heated be]fond this point, the 
solubility diminishes, and a portion of sulphate is deposited. ^A warm satu- 
rated solution, evaporated at a high temperature, deposits opaque prismatic 
erystals, which are anhydrous. This salt has- a slightly bitter taste, and is 
purgative. Mineral springs sometimes oontain it, as at Cheltenham. 

BisuLPHATE OF SODA, NaO, SOg+HO, SOg-fSHO.— This is prepared by 
adding to 10 parts of auhydroos neutral sulphate, 7 of oil of vitriol, evaporat- 
ing the whole to dryness, and gently igniting. The bisulphate is very soluble 
in water, and has an add reaction. It is not deliquescent When very 
strongly heated, the fused salt gives an anhydrous sulphuric acid, and becomes 
simple sulphate; a change which necessarily supposes the previous formation 
of a true anhydrous bisulphate, NaO, 2S0^. ^ 

Htposul^hite of doDA, NaO, S^Oj.— There are several modes of procuring 
this salt, which is now used in considerable quantity for photographic pur- 
poses. One of the best is to form neutral sufyhke of soda, by passing a stream 
of well washed sulphurous add gas into a strong solution of carbonate of soda, 
and then to digest the solution with sulphur at a gentle heat during several 
days. By careftil evaporation at a moderate temperature the salt is obtained 
in large and regular crystals, which are ver^ soluble -in water. 

NiTiLiTs OF SODA ; CUBIC VITUS, NaO, NO5. — ^Nitrate of soda occurs native, 
and in enormous quantity, at Atacama in Peru, where it forms a regular bed, 
of great extent, covered with clay and alluvial' matter. The pure salt com* 
monly crystallizes in rhombohedrons, resembling those of calcareous spar, but 
is probably dimorphous. It is deliquescent, and very soluble in water. Nitrate 
of soda is employed for maldng nitric acid, but cannot be used for gunpowder, 
as the mixture bums too slowly, and becomes damp in the air. It 1ms been 
lately used with some succeos in agriculture as a superfidal manure or top- 



Phosphatbs of soj>a; ooxvoir umbasic tbosphatb, 2NaO, HO, PO^-f- 
24HO. — ^This beautiful salt is prepared by precipitating the add phosphate of 
lime obtained by deooniposing bone-earth by sulphuric acid, with a slight ex- 
cels of carbonate of soda. • It crystallizes in oblique rhombic prisms, which 
are efflorescent The crystals di^lve in 4 parts of cold vrater, and undergo 
the aqueouQ fusion when heated. The salt id bitter and purgative ; its solution 
is allodine to test-paper. Crystals containing 14 equivalents of water, and 
having a forth different from that above mentioned, have been obtained. 

A second tribasic phosphate, sometimes called sub-phosphate, 3NaO, PO^ -f- 
24H0, is obtained by adding solution of caustic soda 'to the preceding salt 
The crystals are slender six sided prisms, soluble in 5 parts of cold water. It 
is decomposed by adds, even carbonic, but suffers no change by heat, except 
the loss of its water of crystEdlizationi Its solution is strongly alkaline. A 
third tribasic phosphate. Often called super-phosphate or bi-phosphate, NaO, 
2H0, POg-4-2HO, may be obtained by adding phosphoric acid to.&e ordinary 
phosphate, until it ceases to predpitate chloride of barium, and exposing the 
concentrated solution to cold. The crystals are prismatic, very soluble, and 
have an acid reaction. When strongly heated, the salt becomes changed into 
monobasic phosphate of soda. 

Tribasic phosphate of soda, ammonia, and water ; microcosmic salt, NaO, 
NH^O, HO, PO5+8HO. — Six parts of common phosphate of soda are heated 
with 2 of water until the whole is liquefied, when I part of powdered sal-am- 
Bsoniao is added; common salt separates, and may be. removed by a filter, and 
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from the solution, duly concentrated, the new salt is deposited in prismatio 
crystals, which may be purified by one or two recrystallitations. Microoos- 
mic salt is very soluble. When gently heated, it parts With the 8 eq. of watei: 
of crystallization, and,, at a higher temperature, that in the base is expelled, 
together with the ammonia, and a very iusible compound, metaphosphate of 
soda, remains, which is valuable as a flux in blow-pipe experiments. This 
salt is said to occur in the urine. 

BiBABIC PHOSPHATE DFSQDA;; FTRGPHOSPHATS OP SODA,2NaO,POg;4*^^^^*'~* 

Prepared by strongly jieating common phosphate of soda, dissolving the resi- 
due in water, and recrystallizing. The crystals are very brilliant^ permanent 
in the a^r, and less sqi^uble than the original phosphate ; their solution is alka« 
line. A bibasic phosphate, oontaiAing an equivalent of basic water, has been 
obtained; it does not, however, crystallize^ 

MoKOBASIC PHOS^HATX OP SODA; XSTAPHOSPHATX OP SOSA, NaO, P0g.«--Ob- 

lained by heating either the acid tribasic phosphate, or microcosmic salt It 
is a transparent, glassy substance, fusible at a dull red-heat, deliquescent, and 
very soluble in water. It refuses to crystallize, but dries up into, a gum4ike 
mass. 

The tribasic phosphates give a bright yellow precipitate with solution of 
nitrate of silver; the bibasic and monobasic phosphates, aflbrd white precipi- 
tates with the same substances* The salts of the two latter classes, fused 
with excess of carbonate of soda, yield the tribasic modification of the add. 

BiBORATS OP soda; bobax^ NaO, SBOg-f* lOHO. — ^This comi)onnd occurs in 
the waters of certain lakes in Thibet and Persia ; it is imported in a crude 
state from the East Iixiies under the name of imiaL When purified, it oon- 
stitates the borax of commerce. Much borax is now, however, manufactured 
£pom the native boradc acid of Tuscany. Boral crystallizes in six-sided 
pristos, which effloresce in dry air, and require 20 parts of cold, and 6 of 
boiling water for solution. Exposed to heat, the 10 eq. of water of crystalli- 
ssafion are expelled, and at a higher temperature the salt fuses, and assimies 
a glassy appearance on cooling; in this state it is.n)uch used for blow-pipe 
experiments. By^ particular management, crystals of borax can be obtained 
with 5.eq. of water ; they are very hard, and permanent in the air. Although 
by constitution an acid s^-lt, borax has an alkaline reaction to test-paper. It 
is used in the arts in soldering metals, and sometimes enters into the compo- 
sition of the glaze with which stone-ware is covered. 

Neutral borate of soda may be formed by fusing together borax and car* 
bpnate of soda in equivalent proportions, and nhen dissolving the mass in 
water* The crystals are large, and contain NaO, BOg-f-SHO. 

S171.FHUBXT OP SODIUM, Na$. — ^Prepared in the same manner as the mono- 
salphuret of potassium ; it s^arates from ai concentrated soluticm in octahedral 
cry stals,' which axe rapidly decomposed by contact of air into a mixture of 
hydrate and h3rp06ulphite of soda. It forms double sulphur salts, with sul- 
phuretted hydrogen, bisulphuret of carbon, and other sulphar*acids.' 

Sulphuret of sodium is>supposed'to enter into the compositioii of the beau- 
tiful pigment uUramarme, prep^ed from the lapif kuMHj and which is now 
imitated l^ artificial means.* 

Chlobidx op sodiux; coxmobt salt, NaCl. — ^This very important substance 
is found in many parts of the world in solid beds' or irregular strata of im- 
mense thickness, as in Cheshire, for example, in Spain, Poland, and many 
qther localities. An inexhaustible supply exists also in the >vaters of the 
ocean, and large quantities are annually obtained from saline springs. 

The rock-salt is almost always too impure for use; if no natural brine- 

* See Pharinaceutical Journal, ii. p. £3. 
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Apriitg exist, an artificial one Is formed by sinking a shaft into lihe rock-salt, 
and, if necessary, introducing water. This, when saturated, is pumped up, 
and evapbrated more or less rapidly in large iron pems. As the salt separates, 
it is removed from the bottom of the vessels by means of a sooop, pressed 
while still moist into moulds, and then transferred to the drying stove. When 
large crystals are required, as for the ooarses-grained bayscUt used in curing 
provisions, the evaporation is slowly conducted. Gammon salt is apt to be 
eontaminatad with chloride (^magnesium. 

When pure, this substance is uot deliquescent in moderately dry air. It 
crystallizes in anhydrous cubes, which are often grouped together into pyra> 
mids, or steps. It requires about 2^ parts of water at 60^ for solution, and its 
tolubility is not sensibly increased by heat; in alcohol it is insoluble. Chlo* 
ride of sodium fuses at a red heat, and is volatile at a still higher temperature. 
The eoonomicai ilses of common salt are w^ll known.* 

The iodUk fuxd bromide of todium much resemble, the corresponding potas' 
slum compounds; they crystallize in cubes which ftre anhydrous, and are 
Very soluble in water. ^ 



There is no precipitant for sbda, all the salts being soluble ; its presence ia 
often determined by purely negative evidence.t The yellow color imparted 
by soda-salt to the outer flame of the blow-pipe, and to combustible matter, is 
a character of some importance. ■ ^ 

Axxoirixm. 

In connection with the compounds of potassium and sodicon, those formed 
by amnikonia are most conveniently studied. . Ammoniacal salts correspond 
in every respect in ocmstitution with those of potash and' soda; in all cases 
the substance which replaces those alkalies is hydrate of ammonia, or, as it is 
now almost generally considered, the oxi4e of a hypothetical substance called 
ammonium, capable of playing the part of a metal, and isomorphous with 
potassium and sodium. . ,' ^^ 

All attempts to isolate this substance have failed, apparently from its 
tendency to separate into ammonia and hydrogen gas. ' When a globule of 
merouiy is placed on a piece of oooistened caustic potash, and connected with, 
the negative side of a voltaic battery of very modecate power, while the cir* 
ouit ia conoipleted through the platinum plate upon which rests the alkali, 
^^composition of the latter takes place, and an amalgam of potassium is 
rapidly formed. 

. J£ this experiment be now repeated with a piece of sal^cunmonisc instead 
of hydrate of potash, h soibeplid, metalline mass is also produced, which has 
been called the amhwfiiacal amaigafih and considered to contain aramonimn 
in combination with merouiy. A still simpler method of preparing this 
extraordinary compound is the following : A little meipcury is put into a test* 
tube with a grain or two of potassium or sodium, and heat ai^lied; com- 
bination ensues, attended by heat and light When cold, the fluid amalgam 
is put into a capsule, and covered with a strong solution of sal^atnihoniao. 
The production of ammoniacal amalgam instaAtly^coromeneesy the meroury 
iuereases prodigiously jtn volume^ and becomes qtute pasty: The increase of 
we^t is, however, qmte trifling; it varies from t^v^ ^ Ttiffv^ P^'^ 

Left to itself, th^ amalgam quickly decomposes into fliid tfcieroury, ammoniR, 
and hydrogetL 

* For€hloride of Soda, see Chloride of Lime. 

t Antimoniate of potassa yields an insoluble white precipitate when added to salts 
of soda, forming antlmooiate of soda.— R. B. 



It is difficull to offer any opinion cxmcerning the real nature of thi3 oomr 
pound; soniethiiig analogous occurs when pure silver is exposed to a very high 
temperatote, nnidi ahove its melting-point, in contact ^ifh air or oxygen gas; 
the latter is absorbed in very large quantity, amountuig, according to tho 
observation of Gray-Lussac to 20 times ^e volume of the silver, and is again 
disengaged on reduction of the heat ThiQ metal loses noi|9 of its lustre, ao4 
is not sensibly altered in other respects^ 

The great argument in favor of the existence of ammonium is fo\mded ott 
the perfect comparison which ^e ammoniacal salts bear with thoee of tha 
alloiUne metals. 

The equivalent of ^ammonium is 18'06; its symbol is NH^. 
. Ch];obi|)x o? axj^oniuk; 84J<A]acoHiA0, NH4CI. — Sal-ammoniac wa^ for? 
merly obtained from Egypt, being extracted by sublimation from the soot pf 
cameFs dung; it is now largely manufactured from the anomoniaeal liquid of 
the gas*worki^ and from the condensed products of the distillation of bone4 
and other animal refuse, in. the preparation of animal charcoal. 

These impure and highly offensive solutions are treated with slight excess 
of hydrochloric acid, by which the free alkali is ueutralia;ed,andtbe carbonate 
and. sulphuret decomposed widi evolution of carbonic acid and sulphuretted 
hydrogen gases. The liquid is evaporated to dryness, and the salt carefully 
heated, to expel or decompose the tarry matter; it is then purified by sublimar 
tion in large iron vessels lined with clay, surmounted with domes of lead. 

Sublimed sal-ammoniac has a fibrous texture; it is tough, and difficult to 
powder. 

When crystalKzed from water it separates, under fiivorable circumstanoesi 
in distinct cubes or optahedrons; biit the crystals are usually small, and aggre- 
gated together in rays. It has a sharp saline taste, and is soluble in 2} parta 
of cold, in a much smaller quantity of hot water. By heat^ it is sublimed 
without decomposition. T^e crystals are anhydrous. 

Sulphate of oxihb of akkoniuk; sulphate of avkgsia, Nd^O, 80,4- 
HO. — ^Prepared by neutralizing carbonate of ammonia by sulphuric acid, or on 
a large scale, by addHig sulphuric acid in excess to the coal-gas liquor just 
mentioned, and pnrif3ring the prodilct by suitable means. It is soluble in 2 parts 
of cold water, and crystallizes in long, fattened, six-sided prisms, which lose 
an equivalent Of water when heated. It is entirely decomposed, and driven 
off by ignition, and, even to a certain extent, by long boiUng with water, am- 
monia being expelled and ihe liquid rendered acid. ^ 

Cabboitates of axxonia. — ^These compounds have been carefully ex- 
amined by Professor Rose, of Berlin,* and appear very numerous. The net^ 
tral anhydrout carbonate^ Nil ^ COo, is prepared by the direct union of parbonic 
acid with ammoniacal gas, both being carefully cooled. The gases combine 
in the propcHrtions of one measure of the first to two of the second, and give 
fise to a pungent, and very volatile compound, which condenses in white flocks. 
It is very soluble in water. The pungent, transparent carbonate of ammonia 
of phajrmacgTi which is. prepared by subliming a mixture of sal-ainmoniac and 
chalk, always contains less base than that required to form a neutral carbonate. 
Its composition varies a good deal, but in' freshly-prepared specimens op- 
proache$ that of a sesquicarbonate of oxide of ammoniunii 2NH4O, SCO.-— 
When heated in a retort, the neck of whi(^^ dipjs into mercury, it is deoemi 
posed, with disengagement of pure carbonic add, into neutral hydrated car- 
bonate of ammonia, and several other compounds. Exposed to the air at 
common temperatures, it disengages ammonia, loses its pungency, and crumbles 
down to a soh, white powder, which is a bicarbonate 4)ontaining NH^O, COg 

* Annalen der Pharmacie, xxx. p. 45. 
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•4-^0} OOj. This is a permanent combination, although still volatile. When 
a strong solution of the commercial sesquicarbonate is made with tepid water, 
and filtered, warm, into a close vessel, largeNand regular crystals of biparbon- 
ate, having the above composition, are sometimes deposited after a few days. 
These are inodorous, quite permanent in the air, and resemble, in the closest 
manner, crystals of bicarbonate of potash. 

NiTBATB OF OXIDE OF AXXOlTIirK J ITtTBATS Of AUXOHTA, NH^O, NO5. 

.Easily prepared by adding carbonate of ammonia to slightly diluted nitric 
acid until neutralization has been reached. By slovr evaporation at a mode- 
rate temperature, it crystallizes in six-sided prisms, like those of nilrate of pot- 
ash, but, as usually prepared for making nitrous oxide, by quick boiling, until 
a portion solidifies completely on cooling, it forms a fibrous and indistinctly 
crystalline mass. 

Nitrate of ammonia dissolves in 2 parts of cold water, is biit feebly^ delique- 
scent, and deflagrates like nitre on contact with heated combustible matter. 
Its decomposidon by heat has been already explained.* 

SuLPHUBXTs OF AMMOHiuM.— Several of these compounds exist, which may 
be formed by distilling with sal-ammoniac the corresponding sulphurets of 
potassium or sodium. 

The double nUpburet of ctmmonium and. hydrogen, NH^S-^HS, commonly 
called hydrosulphate or hydrosulphuret of ammonia, is a compound of great 
practical utility; it is obtained by saturating a solution of ammonia with well- 
washed Sulphuretted hydrogen gas, until no more of the latter is absorbed. 
The solution is nearly colorless at first, but becomes yellow after a time, with- 
out, however, suffering material injury, unless it has been exposed, to the air. 
It gives precipitates with most metallic solutions, which are very often charao- 
teribtic, and is of great service in analytical chemistry. 



When dry ammpniacal gas is brought in contact with anhydrous sulphuric 
acid, a white crystalline compound is produced, which is soluble in water. In 
a freshly-prepared cold solution of this substance neither sulphuric acid nor 
ammonia can be found ; but after standing some time, and especially if heat be 
applied, it passes into ordinary sulphate of ammonia. 

A compound of dry ammoniacal gas and sulphurous acid also exists; it is a 
3rellow soluble substance, altogether distinct from sulphite of ammonia. Dry 
carbonic acid ^nd ammonia also unite to form a volatile white powder, as 
already no^ntioned. . 

When certain salts, especially chlorides in an anhydrous state, are exposed 
to ammoniacal gas, the latter is absorbed with great energy, and combinations 
formed not always easily decomposed by heat The chlorides of copper and 
silver absorb, in this manner, large quantities of the gas. All these compounds 
must be carefully distinguished from the true ammoniacal salts containing 
ammonium or its oxide. 

* Fhosphatxs of oxros of AMMONnm; common tsibastc phosphats, 2NH4O, HO. PO^ 
HO.— This salt is formed fay precipitating the acid phosphate of lime with an excess of 
carbonate of ammonia. The solution is allowed to evaporate spontaneously or by a 
gentle heat. In the latter case ammonia is lost and it becomes necessary to saturate the 
acid set free, previous to crystallization. It crystallizes in'six-sided tabli*s derived from 
oblique ^uadtangular prisms. Its crystals are efflorescent, soluble in alcohol, and soluble 
in four tunes its weight of cold water. Its solution has an alkaline, slightly saline taste 
and alkaline reaction. By heat ammonia is disengafl»d. 

The acid tribasic phosphate, NH4O , 2HO, FOf}Am>, is formed when a solution of the 
common phosphate is boiled as lo)ig as amm<wia is giv^n offl It crystallizes in four-sided 
prisms, its crystals are permanent, soluble in 6 parts of cold water, acid in taste and 
xeaction. 

Another tribfwie phosphate, 3NH40^ FO,. subphosphate, is fbrtned by addingammonia 
to either of the above, it fklls as a shghtly soluble granular precipitate.^R. B. 
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There is supposed to be yet another compound of hydrogen and nitrogen 
to which the term amidogen has been given, and to which the properties of a 
8alt>radical are ascribed. When potassium is heated in the vapor of water, 
this substance is dfipcnT^posed, hydrogen is evolved, and the metal converted 
into oxide. Whea ^e same experiment is made with dry ammoniacal gas, 
hydrogen is also set free, and an olive^een crystalline compound is produced, 
supposed to contain potassium in union with a new body, NH^, having an 
equivalent of hydrogen less than ammonia. 

When ammonia is added to a solution of corrosive sublimate, a white pre- 
cipitate is obtained, which has been long known in pharmacy. Dr. Kane 
infers, from his experiments, that this substance should be looked ui>6n as a 
compound of chloride of mercury with amide of mercury. The latter salt 
has not been obtained separately; still less has amidogen itself been isolated. 

It is thought that ammonia may be considered an amide of hydrogen, analo- 
gous to water or oxide of hydrogen, capable of entering into combination with 
salts, and other substances, in a similar manner, yielding instable and easily- 
decomposed eompbunds, which offer a great contrast to diose of the energetic 
9ii(ui-metal anmionium. 



The ammoniacal salts are easily recognized ; they are all decomposed or 
volatilized by a high temperature ; and when heated with hydrate of lime, or 
solution of alkaline carbonate, evolve ammonia, which may be known by its 
odor and alkaline reaction. The salts are all more or less soluble, the acid 
tartrate of ammonia ^Jid die double chloride of ammonium and platitium being 
among the least so; hence the salts of ammonia cannot be distinguished from 
those of potash by the tests of tartaric acid and platinum-soluticm* 

XITBIVlt. 

A connecting link between this class of metals and the next succeeding. 
Lithium is obtained by electrolyzing, in contact with mercury^ the hydrate of 
lithia, and then decomposing the amalgam by distillation. It is a white me- 
tal-like sodium, and very oxidable. The equivalent of lithium is 6'43, and its 
symbol, L. 

The oxide, lithia, LO, is found in petalite, spodumene, lepidolite, and a few 
other minerals, and sometimes occurs in minute quantities in mineral springs. 
From petalite it may be obtained, on the small scale, by the following pro- 
cess: The mineral is reduced to an expeedingly fine powder, mixed with five 
or six times its weight of pure carbonate of lime^ and the mixture heated to 
whiteness, in a platinum crucible, placed within a well-covered earthen ohe, 
fat twenty minutes or half an hour. The shrunken coherent mass is digested 
in dilute hydroOhloric acid, the whole evaporated to dryness, acidulated water 
added, and the silica separated by a filter. Tlje solution is then mixed with 
carbonate of ammonia in excess, boiled, and filtered; the clear liquid is 
evaporated to dryness, and gently heated in a platinum crucible, to expel 
the sal^Anunoniac. The residue is then wetted with oil of vitriol, gently 
evaporated once more to dryness, and ignited; pure fused sulphate of lithia 
remains. 

This process will serve to give a good idea of the general nature of the 
operation by which alkalies >are extracted in mineral analysis, and their quan- 
tities determined. 

The hydrate of lithia is much less soluble in water than those of potash 
and soda ; the carbonate and phosphate are also sparingly soluble salts. The 
chloride crystallizes in anhydrous cubes which are deliquescent. Sulphate 
of lithia is a very beautifiil salt; it crystallizes in lengthened prisms containing 
one equivalent of water. 

The salts of lithia color the outer flame of the blow-pipe carmine-red. 



SECTION II, 

MSTALS OF THE ALKALINE EAKTHS. 



Bahttx wbs obtained by Sir H. Davy hy means similar to those mentioned 
in the case of lithium ; it is procured more advantageously, by strongly heating 
baryta in an iron tube^ through which the vapor of potassium i^ conveyed. 
The reduced barium is extracted by quicksilver, and the amalgam distilled in 
a small green glass retort ' . 

Barium is a white metal, having the color cuod lustre of silver ; it is mal« 
leable, melts below a red heat, decomposes water, and gradually oxidizes in 
the air. 

The equivalent of this metal has been fixed at 68*55; its symbol is Ba, 

PmoTOXiDE OF bIkiux; baktta. BaO.^ — ^Baryta* or barytes, occurs In 
natiure in considerable abundance as carbonate and sulphate, forming the 
vdn-ttone in many letul mines; iVom both these sources it may be extracted 
with facility. The best method of preparing pure baryta is to decompose the 
crystallized nitrate by heat in a capacious crucible of porcelain ; the nitric 
acid is resolved into nitrous acid and oxygen, and ^e baryta remains behind 
in the form of a grayish spongy mass, fusible at a high degree of heat. 
When moistened with water, it combines to a hydrate With great elevation 
of temperature. 

The hydrate is a white, soft powder, having a great attraction for carbonic 
acid, and soluble in 20 parts of cold and 3 of boiling water ; a hot saturated 
solution deposits crystals on cooling, which ooxi^tain- BaO, H04-dltO. Solu- 
tion of hydrate of baryta is a valuable re-agent; it is highly alkaline to te6^■ 
|)aper, and inatanjtly rendered turbid by the smallest trace of carbonic acid. 

Peboxide of b abiux. BaO,. — This may be formed, as already mentioned^ 
by exposing baryta, heated to full redness in a porcelain tube, to a current of 
pure oxygen gas. The peroxide is gray, and forms a white hydrate with 
water, which is not decomposed by that liquid in the cold, but dissolves in 
small quantity. The peroxide may also be made by heating pure baryta to 
redness in a platinum crucible, and then gradually adding an equal weight of 
chlorate of potash ; peroxide of barium and chloride of potassium are pro- 
duced. The latter may be extracted by cold water, and ike peroxide left in 
the state of hydrate. It is interesting chiefly in its relation to peroxide of 
hydrogen. 

Chlobidb of babiux. BeXH-^-TiRO, — ^This valuable salt is prepared by 
dissolving the native carbonate in hydrochloric acdd, filtering the solution and 
evaporating until a skin begins to form at the surface; the solution on cooling; 
deposits crystals. When native carbonate cannot be procured, the native 
sulphate may be en^ployed in the following manner : — ^The sulphate is re- 
duced to fine powder, and intimately mix6d with one-third of its weight of 
powdered coal ; the mixture is pressed into an earthen crucible to which Vk. 

* From &i^) heavy, in BllosioB to the great ipecifle gtarity of the native earbonate 
and sttlphate. 
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cover is fitted, and exposed for an hour or more to a high red-heat, by which 
the sulphate is converted into sulphuret at the expense of the oombtustible 
matter of the coal. iThe black mass obtained is powdered and boiled in 
wat^, by which the sulphuret is dissolved ; the solution is filtered hot, and 
mixed witb a slight excess of hydi^bchlonc acid; chloride of barium and sul- 
phuretted hydrogen are produced, the latter escaping with effervescence. 
Lastly, the sohition is filtered to separate any little insolubre matter, and evapo- 
mted to the crystallizing point 

The eiystals of chloride of barium are flat, jR>ar-sided tables, colorless and 
transparent They contain 2 equivalents Of water, easily driven off by heat ; 
—100 parts of water dissolve 43*5 parts at 6Q®, and 78 parts at 222°, which 
is the boiling-pomt of the saturated solution. 

Nm^TS OF BARTTA. BaO, NOj.^-The nitrate is prepared by methods 
exactly ninikur to the above, nitiic acid being substitiAed for the hydrochloric. 
It crystallizes in transparent colorless octahedrons, which are anhydrous^ 
They require for solution 8 parts of cold, and 3 parts of boiling water. This 
salt is much less soluble in dilute nitric acid than in pure water; errors some- 
times Biise fvbm such a precipitate of crystalline nitrate of baryta being mis- 
taken for sulphate. It disappears on heating, oi: by large afiusion of water. 

SviiVHATE OF BABTTA : BXAVT spAB. BaO, SOg. — ^Found native, often 
beautifiilly crystallized. This compound is always produced when sulphuric 
acid or a soluble Sulphate is mixed with a solution of a barytic salt It is 
not s^isibly soluble in water or in any dilute acid: even nitric: hot oil of 
Vitriol dissolves a little, but the greater part separtites again on cooling. Sul- 
phate of baryta is used as a pigment, but principally for the purpose of 
adulterating ^hite lead ;^e native salt is ground to fine powder and washed 
with dilute sulphuric acid, by which~ its color is improved, and a little oxide 
of iron probably dissolved out The specific gravity of the natural sulphate 
is as high as 4*4 to 4*8. 

SuLPHUBBT OF BABiux. BaS. — The prptosulphuret of barium is pbtained 
in the manner already described ; the higher sulphurets may be formed by 
boiling this dbmpound with sulphur. Monosulphutet of barium crystallizes 
in thin and nearly polorless plates from a hot solution, which contain water, 
and are not very soluble; they are rapidly altered by the air. . A strong 
solution of sulphuret may be employed in the preparation of hydrate of 
bajyta, by boiling it with small successive portions of blaok oxide of copper, 
until a drop of the liquid ceases to precipitate a salt of lead black ; the liquid 
being filtered, yields on cooling c^rstals of hydrate. Ih this reaction, besides 
hydrate of baryta, hyposulphite of that base, and subsulphuret of .copper are 
produced ; the latter is insoluble, and is removed by the filter, while most of 
the hyposulphite remains i^ the mother liquor. 

Cabbohatx. of BABTTAi BaO, COa.— The natural carbonate is called 
WUheriU; the artificial is formed by pi^ipitating the chloride or nitrate with 
an alkaline carbonate, or carbonate of ammoiiia. It is a heavy, white powder, 
very sparingly solnUe in water, and chiefly useful in the preparaticxi of the 
laier barytic salts. . ' 



Solutions of hydrate and nitrate of baryta, and of chloride of barium are 
constantly kept in the laboratory as chemical tests, the first being employed 
to effect the separation of carbonic acid from certain gaseous mixtures, an4 
the two latter to precipitate sulphuric acid from solution. 

The soluble salts of baryta are poisonous, which is not the case with those 
of the b^tse next to be described. 
14 
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STBOSTIUlf. 

The metal strontium may be obtaiued from its oxide by means similar to 
those described in the case of barium; it is white metal, heavy, oxidizable in 
the air, and capable of decomposing water at common temperatures. 

The equivalent of strontium is 43*78, and its sjrmbol is Sr. 

Pbotoxidx of svrohtjum; btkohtia. SrQ,— 'This compound is best pre- 
pared by decomposing the nitrate by the aid of, heat; it resembles in almost 
every particular the esurth baryta, forming, like ^t substance, a white hydrate, 
soluble in water. A hot saturated solution deposits crystals on cooling which 
contain 12 equivalents of water. The hydrate, has a ^eat attraction for 
carbonic acid. 

PxBOXisx or STmoHTiFic. SrO^— The peroxide is prepared in the same 
manner as peroxide of barium ; it may be substituted £>r the latter in making 
peroxide of hydrogen. 

The native carbonate and sulphate of strontia, met with in lead mines and 
other localities, serve for the preparation of the various salts by means exactly 
similar to those alrieady described- in the case of baryta ; . they have a very 
feeble degree of solubUity in water. 

CbIiOIiide of stbontiux. SrCl.^-The chloride crystallizes in colorless 
needles or prisms, which are slightly deliquescent, and soluble in 2 parts of 
cold and sUll less of' boiling water; they are also soluble in alcohol, and the 
solution, when kindled, bums with a crimson flame. The crystals contain 9 
equivalents of water, which they lose by heat^ at a higher temperature the 
chloride fuses. 

NiTKATX OF ST&OHTiA. SiO, NOj.— This salt crystallizes in anhydrous 
octahedrons, which require for solution 5 parts of cold, and about half their 
weight of boiling water. It is principally of value to the pyrotechnist, who 
employs it in &e composition of the well-known "red-fire.'' 

> 4 

CALCIUX. 

This is a silver-white and extremely oxidable metal, obtained with great 
difficulty by means analogous to those by which barium and strontium are 
procured. 

The equivalent of calcium is 20 ; its symbol is Ca. 

Pbotoxidx of caloiux ; jjxx. CsfO.— This extremely important compound 
may be obtained in a state of considerable purity by heating to full redness 
for some time fragments of the black bituminous marble of Derbyshire or 
Kilkenny. If required absolutely pure, it must be made by igniting to white- 
ness, in a platinum crucible, an artificial carbonate of lime, procured by pre- 
cipitating the nitrate by carbonate of ammonia. . Lime in an impure state is 
prepared for building and agricultural purposes ,by calcining in a kiln, of 
suitable construction, the ordinary limestones Which abound in many dis- 
tricts; a red heat, continued for some hours, is sufficient to, disengage the 
whole of the carbonic acid. In the best contrived lime*kibiB the prooess is 
carried on continuously, broken limestone and fuel being constantly thrown 
in at the top, and the burned Ume raked out at intervals from beneath. 
Sometimes, when the limestones contain silica, and the heat has been very 
high, the lime refuses to slake, and is said to be over-bunmd; in this ease a 
portion of silicate has been formed. 

Pure lime ii» white, and often of considerable hardness ; it is quite infusible, 
and phosphoresces, or emits a pale light at a high temperature. When moist- 
ened with water it slakes ^th great violence, evolving heat, and qrumbling 
to a sofl, white, bulky powder, which is a hydrate containing a single equiva- 
lent of water ; the latter can be again expelled by a red heat This hydrate 
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is soluble in water, bat far less so than either the hydrate of baryta or of 
strontia, and What is very remarkable, the colder the water, the larger quan- 
tity of the compound is taken up. A pint of water at 60® dissolves about 1 1 
grains, while at 212® only 7 grains are retained in solution. The hydrate 
has been obtained in thin delicate crystals by slow evaporation under the air- 
pump. Lime-water is always prepared for chemical and pharmaceutical 
purposes by agitating cold water with excess of hydrate of lime in a closely- 
stopped vessel, and then after subsidence, pouring off the clear liquid, and 
adding a fresh quantity of water, for another occasion, — there is not the least 
oocasion for filtering the solution. Lime-water has a strong alkaline reaction, 
a nauseous taste, and when exposed to the air becomes almost instantly 
covered with a pellicle of carbonate, hy absorption of carbonic acid from the 
atmosphere. It is used, like baryta-water^ as a test for that substance, and 
also in medicine. 

The hardening of mortars and cements is in a great measure due to the 
gradual absorption of carbonic acid ; a very great length of, time, however, 
usually elapses befbre this conversion into carbonate becomes complete. 
Mortar is known, under favorable circumstances, to acqiiire extreme hardness 
with age. Lime-cetnents which resist the actioii of water, contain oxide of 
iron, silica and alumina ; they require to be carefully prepared and the stone 
not over-heated. When ground to powder and mixed with water, solidifica- 
tion speedily ensues, from causles not thoroughly understood, and the cement, 
onoe in this condition, is unaffected by wet; Parker's, or Roman cement, is 
made in this manner from the nodular masses of calcareo^argillaceous iron- 
stone found in the London clay. Lime is of great importEmce in agriculture; 
it is found more or less in every fertile soil, and is often very advantageously 
added by the cultivator. The decay of vegetable fibre in the soil is promoted, 
and other important objects, as the destruction of certain hurtftil compounds 
of iron in marsh and peatlands, is often attained. 

PxBoxiDE OF CALCIUM. CaO,. — ^This is stated to resemble peroxide of 
barium, and to be obtainable, by a similar process. 

Chlohidb op caxoiitk. OaCl. — Usually prepared by dissolving marble in 
hydrochloric acid ; also a by-product in several chemical manufactures. The 
salt separates from a strong solution in colorless, prismatic, and exceedingly 
deliqnescent crystals, which contain six equivalents of water. By heat, this 
water is expelled, and by a temperature Of strong ignition the salt is fused. 
The crystals reduced to* powder, are employed in the production of artificial 
cold by being mixed with snow or powdered ice, and the chloride strongly 
dried or in a fused condition is of great practical use in desiccating gases, for - 
which purpose the latter are slowly transmitted through tubes filled with 
fragments of the salt. Chloride of calcium is also freely soluble in alcohol, 
which, when anhydrous, forms with it a definite crystallizable compound. 

StrLPHUBXT^ OP CAI.CII7K. — The simple sulphuret is obtained by reducing 
sulphate of lime at a high temperature by charcoal or hydrogen ; it is nearly 
colorless, and but little soluble in water. — By boiling together hydrate of lime, 
water, and flowers of sulphur, a red sc^ution is obtained, which on cooling 
deposits crystals of bi-Sulphuret, which contain water. When the sulphur is 
in excess, and the boiling long-continued, a penta-sulphuret is generated; 
h3rposulphuric add is, as usual, formed in these reactions. , 

SiTXraATB OF Lixx; erpsuM; svleititx. CaO, SO3. — Native sulphate t>f 
lime in a crystalline condition, contaiiifng 2 equivalents of water, is found in 
considerable abundance in some k)calities; it is often associated with rock- 
salt When regularly crystallized, it is termed telenUe. Anhydrous sulphate 
of lim* is also occasionally met with. The salt is formed by precipitation 
when a mbderately concentrated solution of chloride of calcium is mixed with 
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milphuiic acid. Sulphate of lime is soluble in about 500 parts of cold water, 
and its solubilitjr is a little increased by heat ; the solution is precipitated by 
alcohol. Gypsum, or native hydrated sulphate, is largely employed for the 
purpose of making casts of statues and medals, and also for moulds .in the 
porcelain and earthenware manufactures, and other applications. It is exposed 
to heat in an oven where the temperattire does not exceed ^60^, by which 
the water of crystallization is expelled, and afterwards reduced to fine powder. 
When mixed with water, it solidifies after a short time from the re-formation 
of the same hydrate; but this effect does not happen if th6 gypsum has been 
oyer-heated ; it is often called plaster of Pans. Artificial colored marbles, or 
icagKola, are frequently prepared by inserting pieces of natural stone in a soft 
stucco containing this substance, and polishing the surface when the cement 
has become hard. Sulphate of lime is one, of the most common impurities of 
^ring water. 

Cabbohatb of lixx ; cuaul ; uxxsTOjrx ; xahbui. GaO, CQk^^Carbonate 
of lime, often niore or less contaminated by oxide of iroi^ clay> and organic 
matter, forms rocky beds, of in^miense extent and thickness, in almost every 
part of the world. These present the greatest diversities of texture and ap- 
pearance, arising, in a great measure, from changes to which they have been 
subjected since their deposition. The most ancient pud highly crjrstalline 
litnestones are destitute of visible organic remains, while those of more recent 
origin are often entirely made up of the shelly exuviae of once living beings. 
Sometimes these latter are of such a nature as to show that the animals in- 
habited fresh water ; marine species and corals are, however, most abundant. 
Cavities in limestone, and other rocks, are vety often lined with magnificent 
crystals of carbonate of lime or calcareous, spar, which have evidently been 
slowly deposited from a watery solution. Carbonate of lime is always pre- 
cipitated when an alkaline carbonate is mixed with a solutioi^ of that base. 

Although this substance is not sensibly soluble in pure water, it is freely 
taken up when carbonic acid happens at the same time to be present If a 
little lime-water be poured into a vessel of that gas, the turbidity first pro* 
duced disappears on agitation, and a transparent solution of carbonate of lime 
in excess of carbonic .acid is obtained. This solution is decomposed com* 
pletely by boiling, the carbonic acid being expelled, and the carbonate pre- 
cipitated. Since all natural waters contain dissolved carbonic add, it is to be 
expected that lime in this condition should be of very common occurrence; 
and such is really found to be the fact, river, and more especially spring water, 
almost invariably containing carbonate of lime thus dissolved. In limestone 
districts, this is often the case to a great extent Boilers in which such water 
is heated, speedily become lined with a thick stony incrustation, which is 
often a source of great inconvenience. The l>eautiful stalactitic incrustations 
of limestone caverns, and the deposits of calc-sinter or travertin upon various 
objects, and upon the ground in many places, are thus explained. 

Crystallized carbonate of lime exhibits the curious property of dimorphism; 
calcareous spar and arragonite, although possessing the same chemical corns- 
position, both containing single equivalents of lime and carbonic acid, and 
nothing besides, have different crystalline forms, different densities, and dif- 
ferent optical properties. 

The former occurs very abundantly in crystals derived from an obtuse 
rhomboid, whose angles measure 105° 5^ and 74° 55^; its density varies irom 
2'5 to 2*8. The rarer variety, or arragonite, is found in crystals whose pri- 
mary form is a ri^t rhombic prism; a figure having no geometrical relation 
to the preceding; it is, besides, heavier and harder. 

PhospbAtxs of limb. — A number of distinct compounds of lime and phos- 
phoric acid probably exist Two ^6aiic|)AofpAa^<f,2CaO, HO, PO»and 3CaO, 
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PO,, are pibdaced where th6 corretponding soda-salts are added in solution to 
chloride of calcium ; the first is slightly crystalline, and the seocmd gelatinous. 
When the first phosphate is digested "^ith ammonia, or dissolved in acid and 
re-precipitated by that alkali, it is converted into the second. The, earth of 
bones consists principally of what appears to be a combination of these two 
salts. Another phosphate, oontaining 2 equivalents of basic water, has been 
described, which completes the series ; it is formed by dissolving eidier of 
the preceding in phosphoric, hydrochloric, or nitric acid, and evaporating until 
the salt separates on cooling in small platy oystals. It is this substance which 
yields pho^horus, when heated with charcoal ih the ordinary process of 
manuiacture, before described. ^ Bibctsic and monobasic photpkata of lime also 
exist. These phosphates, although insoluble in water, dissolve readily in 
dilute acids, i^ven acetic add. \ 

Fluokidb er calcium ; rLUOR-spiR. CaF/— This substance is important as 
the most abundant natural source of hydrofluoric acid and the other fiuorides. 
It occurs beautifully ciystallized, in various colors, in lead-veins, the crystals 
having commonly the cubic, but sometimes the > octahedral ibrm, parallel to 
the faces of which latter figure they always cleave. Some varieties, when 
heated, emit a greenish phosphorescent light. The fluoride is quite insoluble 
in water, and is deoompofed by oil of vitriol in the manner already men- 
tioned.* 

CHiiOBisii OF iims; BLEAGBiiro POWDER. — ^Whcu hydrate of lime, very 
slightly moist, is exposed to chlorine gas, the latter is eagerly absorbed, and 
a compound produced w;hich has attracted a great deal of attention ; this is 
the bleaching powder of commerce, now manufoctured on an immense scale, 
for bleaching Unen and cotton goods. It is requisite, in preparing this sub- 
stance, to avoid with the greatest care all elevation of temperature^ which may 
be easily done by slowly supplying the chlorine i|i the first instance. The 
product, when freshly and well prepared, is a soft, white powder, which 
attracts moisture from the air, and exhales an odor sensibly diflerent from that 
of chlorine. It is soluble in about 10 parts of. water, merely the unaltered 
hydrate being ieit behind; the solution is highly alkaline, and bleaches feebly. 
When Hydrate of lime is suspended in cold water, and chlorine gas tran&* 
mitted through the mixture, the lime is gpraduedly dissolved, and the same 
peculiar bleaching compound produced; the alkalis also, either caustic or car- 
bonated, m^y, by similar means^ be made to absorb a large quantity of chlorine, 
and give rise to corresponding compounds \ such are the ^ disinfecting sc^u- 
tions'^ of M. Labarraque. 

The most consistent view of the constitution of these curious compounds 
is that which supposes them to contain salts of hypochlorous acid, a sub^ 
stance as remarkable for bleaching powers as chknrine itself ; and this opinion 
seems borne out by, a carefiil comparison of the properties of the bleaching^ 
salts with those of the true hypocholorites. Hypochlorous acid can be actually 
obtained from gopd bleaching powder, by distilling it with ^lute sulphuric or 
nitric acid, in quantity insufficient to decompose the whole; when the acid is 
used in excess chlorine is di8engaged.t 

If this view be correct, chloride of calcium must be formed simultaneously 
with the h3q)ochlorite, as in the following diagram — 

. * Fluoride of caleinm exists in the enamel of the teeth, and is also a constituent of fossil 
bones, and very probably of recent bone, the presence of organic mauer rendering its 
detection difficult.— R. -B. >, 

t M. Gay-Lussac, Ann. Chim. et Fhys.^ 3d Series, v. p. 296. 
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Chlorine ^^ Chloride of oaloiam. 

i Calcium 
Chlorine 
Lime — " ^^■ Hypochlorite of lime. 

When the temperature of the hydrate of lime has risen during the absorp- 
tion of the chlorine, or when the compound has been subsequently exposed to 
heat, its bleaching properties are impaired or altogether destroyed ; it then 
oontains chlorate of lime and chloride of calcium ; oxygen, in variable qnan* 
tity, is uBuaUy set free. The same change seems to ensue by lon^ keeping, 
even at the common temperature of the air. In an open vessel it is speedily 
destroyed by the carbonic acid of the atmosphere. Commercial bleaching- 
powder thus constantly varies in value with its age, and with the car€f origin- 
ally bestowed upon its preparation ; the best may contain about 30 per cent 
of available chlorine, easily liberated by an acid, which is, however, far short 
of' the theoretical quantity. 

The general method in which this substance is employed for bleaching is 
the following: — ^the goods are first imm^sed in a dilute solution of chloride 
49f lime and then traiisfbrred to a vat contaiiiing dilute sulphuric acid ; die 
chlorine or hypochlotous acid thus disengaged in contact with the cloth, 
causes the destruction of the coloring matter. This process is often repeated, 
it being unsafe to use strong solutions. White patterns Are on this principle 
imprinted upon colored cloth, the figures being stamped with tartaric acid 
thickened with gum water, and then the stuff immersed in the chloride bath, 
when the parts to which no acid has been applied, remain unaltered, while 
the printed portions are bleached. 

For pucifjring an offensive or infectious atmosphere, <u an aid to proper 
ventilation^ the bleaching powder is very convenient. The solution is exposed 
in shallow vessels, or cloths steeped in it are suspended in the apartment, 
when the carbonic acid <^ the air slowly decomposes the chloride^ An addi- 
tion of a stBong acid causes rapid disengagement of chlorine. 

The value of any sample of bleaching-powder may be easily determined by 
the following me^od, in which the loosely-combined- chlorine is estimated. by 
its efifect in peroxidizing a proto-salt of iron, of which two equivalents require 
one of chlorine ; the latter acts by decomposing w:ater and liberating a cor- 
responding quantity of oxygen — 78 grains of green sulphate of iron are dis- 
solved- in about two ounces of water and aeidnlated by a few drops of sulphuric 
or hydrochloric add ; this quantity will require for peroxidation exactly 10 
grains of chlorine. Fifty grains of the chloride of lime t6 be examined are 
next rubbed up with a little tepid water, and the whole transferred to the 
alkalimeter befi»re described, which is then filled up to with water, after 
which the contents are w«il mixed by agitation. The liquid is next gradually 
poured into the solution of iron, with constant stirring until the latter has 
become peroxidized, which may be known by a drop ceasing to give a deep 
blue precipitate with red ferrocyanide of potas^um. The number of grain- 
measures of the chloride solution employed may then be read off, and since 
these must contain 10 grains of serviceable chlorine, the quantity of the latter 
ill the 50 grains may be easily reckoned. Thus, suppose 72 such measures 
have been taken, then 

Measnres. Orni. chlorine. Measures. Grns. chlorine. 
72 : 10 : : 100 : 1389 

The bleaching-powder oontains therefore, 27*78 per cent.* 

* Graham, Elements, p. 3S3. 
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Baryta, sUontia, and lime, are thus distinguished from all other substanoes^ 
and from each other.. 

Caustic potash, when free from carbonate, and caustic ammoaiii, occasions 
no precipitates in dilute solutions of the' earths, especially of the first two, 
the. hydrates being soluble in water. 

Alkaline carbonates, and carbonate of ammonia, give white precipitates, 
insoluble in excess of the precipitant, with all, three. 

Sulphuric acid, or a sulphate, added to very dilute solutions of the earths 
in question, gives an immediate white precipitate with baryta, a similar pre* 
cipitate after a short interval with strontia, and occasions no change with the 
lime<salt The precipitates with baryta and strontia Are quite insoluble in 
nitric acid^ 

Solution of -sulphate of lime gives an instaxitaneous clottd with barjrta, and 
one with strontia, after a little tune. Sulphate of strontia is itself sufficiently : 
soluble to occasion turbidity when mixed with> chloride of barium. 

Lastly, the soluble oxalates^give a white precipitate in the most dilute solu- 
tions o^ lime, which is not dissolved by a drop or two of hydrochloric acid. 
This is an exceedingly characteristic test. 

The chlorides of strontium ai^d calcium dissolved in alcohol color the flame 
of the latter red or purple ; salts of baryta communicate to flame a pale green 
tint 

XAevKSimc. 

A few pellets of sodium are. placed at the bottom of a test-tube of hard 
German glass^ and covered with fragments of fused chloride of magnesium. 
The heat of a spirit-lamp is then applied until reaction has been induced : 
this takes place with great violence and elevation of temperature, chloride of - 
sodium being formed, and metallic magnesium set free. When the tube and 
its contents are completety cold, it is broken up, and the fragments put into 
cold welter, by which the metal is separated from the salt 

Magnesium is a white, malleable metal, fusible at a red heat, and not sen- 
sibly acted upon by cold water; heated in the air, it bums and produce 
magnesia, which is the only oxide. Sulphuric and hydrochloric acids dip 
solve it^readily, evolving hydrogen. - 

The eqtuvalent of this metal is 1^*67, and its symbol Mg. 

Mashbsia ; cALOiirsi) masnbsia. M gO. — ^This is prepared with great ease ' 
by exposing ihe magnetia tUba of pharmacy to a full red heat in an earthen 
or platinum crucible. It forms a soft, white powder, which slowly attracts 
moisture and carbonic acid from the air, and' unites quietly with water to a 
hydrate which possesses a feeble degree of solubility, requiring about 5000 
parts of water at 60® and 36,000 parts at 212°. The alkalinity of magnesia 
can only be observed by placing a small portion in a moistened state upon 
test-paper ; it peutraUzes acids, however, in the most complete manner. It 
is infiisiUe. 

Chlobidx of XAONXBinx. MgCL — ^When magnesia, or its carbonate, is 
dissolved in hydrochloric acid, there can be no doubt respecting the simulta- 
neous production of chloride of magnesiimi and water; but when this solu^n 
comes to be evaporated to dryness, the last. portions of water are retained 
with such obstinacy, that decomposition of the water is brought about by the 
concurring attractions of magnesium for oxygen, and of chlorine for hydrogen; , 
hydrochloric acid is expelled, and magnesia remains. If^ however, sal-cunmo- 
niac, or chloride of potassium happen to be present, a douUe salt is produced, 
which is easily rendered anhydrous. The best mode of preparing the chlo- 
ride is to divide a quantity of hydrochloric acid into two equal portions, to 
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neotxfttize one with msgnetia, and the other with aimnonia, or carbonate of 
ammonia ; to mix these solutions, evaporate them to diTnessj and Uten expose 
the salt to a red heat in a loQaety>-eo^9ered porcelain crucible. Sal-ammoniac 
sublimes, and chloride of ma^poeiinm in a ftised state remains; the latter is 
poured out upon a clean stone, and when cold, transferred to a well-stopped 
bottle. 

The chloride so obtained is white and crystalline. It is very deliquescent 
and highly soluble in water, ifom which it cannot again be recovered by eva- 
poration, for the reasons just mentioned. When long exposed to the air in a 
melted state, it is converted into magnesia. It is soluble in alcohoL 

SuLPBATX OF MAeHssuk ; l2v80X SA&T. ^gO, SOrf-^HO.— This salt oocurs 
in sea-water,'^ and in that of many mineral springs, and is now manufactured 
in large quantities by acting on magnesian lime-stone by diluted sulphuric 
acid, and separating ^e sulphate of magneisia &om the greater part of the 
elightly-soluble sulphate of lime by the filter. Hie cryeftals are derived from 
» right ihombic prism ; they are soluble in an equal weight of water at 60^, 
and in a still smaller quantity at ,2 12®. The salt has a nauseous bitter taste, 
and like many other neutral salts, purgative properties. When- exposed to 
heat, 6 equivalents of water readily pass off, the seventh being energetically 
retained. Sulphate of magnesia forms beaiutiful double salts with the sul- 
phates of potash and ammonia, which contain 6 equivalents of water of 
crystallization. 

Cabbonats or xasbesia.' — ^The neutral carbonate^ MgO, CO^ oocurs native 
in rlu)mbohedcal crystals, resembling those of calcareous spar, imbedded in 
talc-slate; a soft earthy variety is sometimes met; with. 

When magnesia alba is dissolved in carbonic acid ¥rater,.and the solution 
left to evapomte spontaneously, small prismatie crystals are deposited, which 
consist of carbonate of magnesia, with thxee equivalents of water. 

The magnesia alba itself, although often called carbonate of magnesia, is 
not so in reality ; it is a compound of carbonate with hydhtte. It is prepared 
by mixing hot solutions of carbonate of potash or soda, and sulphate of mag- 
np^ia, the latter being kept in. slight excess, boiling, the whole a few minutes, 
dfi^ng which time much carbonic add is disengaged, and then well washing 
the precipitate so produced. If the solution be very dilute, the magnesia alba 
is exceedingly light and bulky; if otherwise, it is denser, but its composition 
does not sensibly vary. It contain& in 100 parts 

Magnesia . . ... 41*6 

Carbonic acid 36*0 

Water ......' 22*4 



100 . 

Or, & eq. magnesia, 4 eq. carbonic acid, and 6 eq. water. ' ^ 

Magnesia alba, is slightly soluble in water, especially when cold. 

Phosphate op maobssia. 2MgO, HO , PO, +14H0.^-This salt separates 
in small colorless prismatic crystals when tolutions of phosphate of soda and 
sulphate ol^ magnesia are mixed and suffered to stand some time. Mr. G^am 
states, that it is soluble in about 1000 parts of cold water, but Berzelius de- 
scribes a phosphate which only requires 15 parts of water for solution : this 
can hardly be the same substance. Phosphate of magnesia exists in the grain 
of the cereals, and can be detected in considerable quantity in beer. 

Phosphate op XAeBEsiA and axxobia. 2MgO , NH^O , P0> '\' 121^0, — 
When a soluble phosphate is mixed with salt of megnesia, and ammonia or 
its carbonate added, a crystalline precipitate, having ^the above composition, 



sabflides, immediately, if the solutions are concentrated, and after some time 
if very* dilute ; in the latter case, the precipitation is promoted by stirring. 
This salt is slightly soluble in pure water, but scarcely so in saline liquids. 
When heated, it is resolved into bibasic phosphate of magnesia, containing 
36*68 per cent of magnesia! At a strong red -heat it fuses to a wliite enamel- 
like mass. The phosphate of magnesia and ammonia sometimes forms a 
minary calculus. 

In practical analysis, magnesia is oAen separated from solutaons by bring- 
ing it into this state. The liquid, free from lime, alumina, &Cm is mixed with 
phosphate of soda and excess of ammonia, and gently heated for a short time. 
The precipitate is collected upoa a filter and thoroughly washed with water 
containing a little sal^ammQuiac, afler which it is dried, ignited to redness, 
and weighed. Tlie proportion of magnesia is then easily calculated. 

SiucATXs OF XAoirisiA.*— The following natural compounds belong to this 
dass: — Steatite, or soop^ffone, MgO, SiOj/a soft, white, or pale-oolored, 
amorphous substance, found in Cornwall and elsewhere; — Meertehaum, 
MgO, SiOg-|-HO, fh)n;i which pipe-bowls are often manufhctured ; — Chry- 
eoHte, 3MgO, SiOy a crjrstallized mineral, sometimes employed for oma- 
mental purposes A portion of magnesia is cotnmonly replaced by protoxide 
of iron, which oommtmicates a green color. Serpentine is a combination of 
silicate and hydrate of magnesia; — /<ufe^ an exceedingly hard stone, brought 
fiom New Zealand, contains sihcate of magnesia combined with silicate of 
alumina; its green color is dae to oxide of chKmnxxm^^^/Sugite and horn- 
bknde are essentially double salts of silicic acid, magnesia, and lime, in which 
the magnesia is more or less replaced by its isomorphous substitute, protoxide 
of iron. • 



The salts of magnesia are strictly isomorphous with those of oxide of zinc, 
procozide. of iron, oxide of copper, &c.; they are usually colorless, and are 
easily recognized by the following characters :-— 

A gelatinous white precipitate with caustic alkalis, including anmionia, 

insoluble in excess, but soluble in solution of sal-ampioniac. 
A white precipitate with the carbonates of potash and soda, but none 

with carb. ammonia in the cold. 
A white crystalline precipitate with soluble phosphates, on the addition 
of a little ammonia. 



SIS ALUMnnnf or aluminium. 



SECtlON III. 

METALS OF THE EARTHS PROPER. 



ALVXIVmC on A&ITKIiritrK. 



Aluxiva, tlie onlyknoMrn oxide of this metal, is a substanee of very abund- 
ant occurrence in nature in t^e state of silicate, as in felspar and its asso- 
ciated minerals, and iii the various modiiications of clay thence derived. 
Aluminium is prepared in the same manner as magnesium, but with rather 
more difficulty ; a platinum or porcelain crucible must be used, the cover of 
which is bound down by a wire. The metal, separated by cold water from 
the alkaline chloride, has a gray color and perfect lustre. It is fusible ^ith 
great difficulty, and when heated in the air or in oxygen, takes fire ind bums 
with brilliancy, producing alumina. 

Aluminium has for its equivalent the number 13*69 ; its symbol is AL 

Aluxuta. AlgOg. — ^This substance is inferred to be a sesquioxide, from 
its isomorphism with the red oxide of iron. , It is prepared by mixing solution 
of alum with excess of ammonia, by which an extremely bulky, white^ gela- 
tinous precipitate of hydrate of cilumina is thrown down. This is washed, 
diied, and ignited to whiteness. Thus obtained, alumina constitutes a white, 
Wasteless, coherent mass, very little acted upon by acids. The hydrate, on the 
contrary, when simply dried in the air, or by gentle heat, 4issolves freely in 
dilute acid,, and in causticjx)tash or soda, from which it is precipitated by 
the addition of 'sal<ammoniae. Alumina is fusible before the oxy-hydtogen 
blow-pipe. The mineral called corundum^ of which the ruby and sapphire 
are transparent varieties, consists of nearly purel^lumina in a crystallized 
state, with a little coloring oxide; emery, used for. polishing glass and metals, 
is a coarse variety of corundum. Alumina is a very feeble base, and its salts 
have ofle^ an acid reaction. 

Cblobisx op ALUMiinux. AlgClj. — ^The solution of alumina in hydrochloric 
acid behaves, when evaporated to dryness, like that of magnesia, the chloride 
being decomposed by the water, and alumina and hydrochloric acid produced. 
Hie chloride may be thus prepared : — Pure precipitated alumina is dried and 
mixed with. lamp Uack, and the inixture strongly calcined in a cpvered cru- 
cible. It is then transferred to a porcelain tube fixed across a furnace, and 
heated to redness in a stream of chlorine gas, when the alumina, yielding to 
the attraction of the chlorine on the one hand, and the carbon on the other, 
for each of ^ its constituents, suffers decomposition, carbonic oxide being disen- 
gaged, and chloride of aluminium formed ; the latter subUmes, and condenses 
in the cool part of the tube. 

Chloride of aluminium is a cr3rstalline yellowish substance, excessively 
greedy of moisture, and very soluble. Once dissolved, it .cannot be again re- 
covered. It is said to combine with sulphuretted and phosphuretted hydrogen, 
and with ammonia. 

SvLFHATS ov ALFXiirA. J^\fi^ 3S03-4-18HO. — ^Prepared by saturating 
dilute sulphuric acid with hydrate of alumina, and evaporating. It crystal- 
lizes in thin, peaifly plates, soluble in 2 parts of water ; it has a sweet and 
astringent taste, and aii acid reaction. Heated to redness, it is decomposed, 
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leaving pure alumina. Two other sulphates of alumina, with excess of base, 
are also described, one of which is insoluble in water. 

Sulphate of sdumina combines with, the sulphates of potash, soda and am* 
monia forming double salts of great interest, the qlumt. Common alum, the 
source of all the preparations of alumina, contains Alfig, 3SO,4-KO, SOj-f* 
24HO. It is manuractured^ on a very large scale, from a kind of slaty day, 
loaded with bisulphuret of iron, which abounds in certain parts. This is 
gently roasted, and then exposed to the air in a moistened state: oxygen is 
absorbed, the sulphur becomes acidified, sulphate, of protoxide of iron, and 
sulphate of alumina are produced, and afterwards separated^ by lixiviation 
with water. The solution is next concentrated, and mixed with a quantity 
of chloride of potassium, which decomposes the iron-salt,^£>rming protochloride 
of i|on and sulphate of potash, which latter combines, with the sulphate of 
alumina, to alum. "Pv crystallization, the alum is s^arated from the highly- 
soluble chloride of iron, and afterwards easily purified by a repetition of that 
process. Other methods of alum-niaking exist, and are sometimes employed. 
Potash alum crystallizes in colorless, transparent octahedrons, which oilen 
exhibit the faces of the -cube. It has a sweetish and astringent taste, reddens 
litmus paper, and dissolves in 18 parts of water at 60^, and in its own weight 
of boiling water. Exposed to heat, it is easily rendered anhydrous, and, by a. 
very^high temperature, decomposed. The crystals have little tendency to 
change in the air* Alum is' largely used in the arts, in preparing skins, 
dyeing, &c.; it is occasionally contaminated with oxide of iron, which inter* 
feres with some of its applications. The celebrated Roman alum, made from 
ahun-itoney a felspathic rock, altered by sulphurous vapors, was once much 
prized on account of its iireedom from this impurity. 

A mixture of dried alum and sugar^ carbonized in ah open pan, and then 
heated to redness, out of contact of air, furnishes the pyrophorut of Homberg, 
which ignites spontaneously on exposure to the atmosphere. The essential 
ingredient is, in all probability,, finely-divided sulphuret of potassium. 

Soda-ahum^ in which ^phate of soda replaces sulphate of potash, has a 
form and constitution similar to that of the salt described ; it is, however, much, 
more soluble, and difficult to crystallize. 

Ammomoridum, containing NH^O, SO3, instead of KO, SO3, very closely re- 
sembles common potash-alum, having the same 'figure, and appearance, and 
constitution, and nearly the same degree of solubility as that substance. It is 
sometimes manufactured^ for commercial usa When heated to redness^ it. 
yields pure alumina. 

Few of the other salts of alumina, except the silicates, present points of 
interest ; these latter are of great importance. Silicates of alumina enter into 
the composition of a number of crystallized minerals, among which felspar 
occupies, by reason of its abundant occurrence, a prominent place. ~ Granite, 
porphyry, trachyte, and other ancient unstratified rocks, consist in great part 
of this mineral, which, under peculiar circiunstanoes,by no means well under- 
stood, soflTers complete decomposition, becoming converted into a soft, friable 
mass of earthy matter. This is the origin of clay; the change itself is seen 
in g^eat perfection in certain districts of Devonshire and Cornwall, the felspar 
of the fine white granite of those localities being often disintegrated to an 
extraordinary depth, and the rock altered to a substance resembling soft mortar^ 
By washing this, finely^vided matter is separated from the quartz and mica, 
and the milk-like liquid being collected m tanks and sufiered to stand, de- 
posits the suspended clay, which is afterwards dried, first in the air and after- 
wards in a stove, and employed in the manufacture of porcelain. The com- 
position assigned to unaltered felspar is A\fi^ dSiOs+KO, SiOy or alum, 
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haying sificic «cid in the place of sulphuric. The exact, nature df the change 
by which it passes into porcelain clay is unknown, although it evidently con- 
sists in the abstfaction of silica and alkali.* . 

When the decomposii^ rock contains oxide of irpn, the day produced is 
colored. The different yarieties of shale and slate result from the alteration 
of ancient clay-beds, apparently in many instances by the infiltration of water 
holding silica in solution j the dark appearance of some of these deposits is 
due to latuminous matter. 

It is a common mistake to confound clay with alumina; all clays are es- 
sentially silicates of that base; they often vdry a gdod deal in composition. ' 
Dilute acids exert litUe action on these bodies; biit by boiling with oil of 
vitriol^ alumina is dissolved out, and fihely-divided silica left behind. Clays 
containing an admixture of carbonate of lime are termed fnarb, and are re- 
cognized by effervescing with acids. " ^ 

A basic silicate of alumina, ^AljOg, SiO, , is found crystallized, constituting 
the beautiful mineral called cyamte. The compounds formed by the union of 
the silicates of alumina with other silicates, are almost innunierable, a soda- 
felspar, tdbiie^ containing that alkali in place of potash, is known, and there 
are two somewhat similar lithia-compounds, tpodufnene and petalite. The | 

xeolitek belong to this class : analcime, nepheUnt^ mesotype^ &c., are double silicates 
of soda aild alumina, with water of ciystallization. ^Ubtte^heuUmdite, laumonr- \ 

Ut, prehnite, Seo. &c., consist of silicate of lime, combined with silicate of ^umina. | 

The garnets^ eadnite, mica^ &c., have a similar composition, but are anhydrous. 
Peroxide of iron is very often substituted for alumina in these minerals. 



Alumina, wb^ in solution, is distinguished without difficult/. 

Caustic potash and soda occasion white gelatinous precipitates of hydrate 
of alumina, fVeely soluble in excess of the alkali. . 

Ammonia produces a similar precipitate, insohible in excess of the re-agent 

The alkaline carbonates, and, carbonate of ammonia precipitate the hydrate, 
with escape of carbonic acid, no carbonate being known. The precipitates 
are insoluble in excess. 

ftLlTCIirUM. 

This metal is prepared from &e chloride in the same manner as cduminium. 
It is fusible with great diffici^ty, not acted upon by cold water, and bums 
when heated in the air, producing glucina.- 

The equivalent of glucinum is 26'5, and Uie symbol 6. 

Gluoiita, GgOj, is a rare earth found in the emerald^ beryli and eudase^ from 
which it may be extracted by a j)rocess of tolerablie simplicity. . It very much 
resembles alumina, but is distinguished from that substance by its solubili^, 
when freshly precipitated, in a cold solution of carbonate of ammonia, from 
which it is again thrown down on boiling. The salts ofglucina have a sweet 
taste : whence its name (^Ximui). 

* A specimen of white porcelftin-elay from Dartmoor, Devon, gave the aut^r the fol- 
lowing resalt on analysis :— 

Silica 47'aO 

Alumina, with treee of ifon and manganese . 3&80 

Lime -IM 

Water . . 12- 

Alkali and lose 1*76 

100- 



MANVFACTUBB iOP QUJM* fBl 



XTTBIUM. 

The metal of a very rare earth, yttriOj obntained in a few scarce minerals. 
The name is deriyed from Ttterbjr, a place in Sweden, where one of these, 
gadoHmte, is foond. It is obtamed fh>m the diloride by the process already 
described ; it resembles in character the preceding metal. 

The equivalent of Yttrium is 32ii ; its symbol is T. 

Yttkia, YO, has properties from which it is distingniahed from the other 
earths; some of its salts are said to have a red or purplish tint.* 

smcoKiinf. 

Prepared by heating the double fluoride of zirconium and potassium with 
potassium, and separating the salt with cold water, l^e metal is black, and 
acquires a feeble lustre when burnished. It takes fire when heated in the 
air. 

The equivalent of zirconium is 33*62, and its symbol, Zr. 

ZiRCOKiA, Zr^Oj, is a rare earth, very closely resembling alumina, found in 
the mineral zircon; the salts are colorless and have an astringent taste. 

THOBIUX. 

The metal of an earth from a very rare mineral, thorite; it agrees in cha- 
racter with aluminium, and is obtained by similar means. 

The equivalent of thorium is 59*59, stod its symbol Th. 

TaoRiirjL, ThO, is remarkable for its great specific gravity, and is other- 
wise distinguished by peculiar properties wiiich separate it from all other 
substances. 

Mimii^acture of Glau, Porai/am, and Earthtnware. 

Glass. — Glass is a mixturie of various insoluble silicates, with excess of 
silica, altogether destitute of crystalline structure; the simple silicates, formed 
by fusing the bases with silicic acid in equivalent proportions, very often 
crystallize, which happens also with the greater number of the natural sili- 
cates included among the earthy mineraU. Compounds identical with ft>me 
of these are also occasionally formed in artificial processes, where large 
masses of melted glassy nuitter are suffered to cool slowly. The alkaline 
silicates, when in a state of fiision, have the power of dissolving a large quan- 
tity of silica. 

Two principal varieties of glass are met with in commerce, namely, glass 
composed of silica, alkali, and lime, and glass containing a large proportion 
of silicate of lead; crown and pkUe-gUui belong to the former division; JKnt" 
ghutf and the material of artificial gems to the second* The lead promotes 
fltsibility, and confers also density and lustre. Common green bottle glass 
contains no lead, but much silicate of black oxide of iron, derived firom the 
impure materials. The principle of thd glass manufacture is very simple. 
Silica, in the slmpe of sand, is heated with parbonate of potash or soda, and 
slaked lime or oxide of lead ; at a high temperature, fusion and combination 
occur, and the carbonic acid is expelled. When the melted mass has become 
perfectly clear and free from air-bubbles, it is lefr to oool until it assumes the 
peculiar tenacious condition proper for working. 

* According to Professor Mosander, the substance hitherto called yttria is in reality 
^mixture of the oxides of three different metals, possessing different properties, viz., 
yttrium, properly so called, and two new melals, termed tnium and firbium.— Phil. 
Mag., October, 1£43. 
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The operation of fusion is conducted in large crucibles of refractory fire- 
clay, which in the case df lead-glass, are covered by a dome at the top, and 
have an opening at the side by which the materials are introduced and the 
melted glajss withdrawxL Great care is exercised in^ the choice of the sand, 
which must be quite white and free from oxide of iron. Red-lead, one of the 
higher oxides, is preferred to litharge, although immediately reduced to prot< 
oxide by the heat, the liberated oxygen serving* to destroy any combustible 
matter which might accidentally find its way into the crucible and stain the 
glass by reducing a portion of the lead. Potash gives a better glass than 
soda, although the latter is very generally employed, from its lower price. ' A 
certain proportion of broken and waste glass of the same kind is always 
added to the other materials. 

Articles of blown glass are thus made:— -The workman begins by collecting 
a proper quantity of soft, pasty glass at the end of his bJow-pipt, an iron tube, 
five or six feet in length, terminated by a mouth-piece of wood; he then com* 
mences blowing,-by which the lump is e^^nded into a kind of fiask, sus- 
ceptible of having its form modified by the position in which it is held, and 
the velocity of rotation continually given tp the iron tube. If an open-mouthed 
vessel is to be made, an iron rod called a ponid or ptmiU is dipped into the 
glass-pot and applied to the bottom of ,die fiask; to which it thus serves as a 
handle, the blow-pipe being removed by the application of a eold iron to the 
neck. The vessel is then re-heated at a hole left £bT the purpose in the wall 
of the furnace, and the aperture enlarged, and the vessel otherwise altered 
in figure by the aid of a few simple tools, until completed* It is then de- 
tached, and carried to the annealing oven, where it undergoes slow and gnr 
dual cooling during many hours, the object of which is to obviate the exces- 
sive brittleness always exhibited by glass which has been quickly cooled. The 
large circular tables of crown-glass are made by a very curious process of this 
kind; the globular flask at first produced, transferred from the blow-pipe to 
the pontil,' is suddenly made to assume the form of a flat disc by the centri- 
fugal force of the rapid rotatory movement given to the rod. Plate-glass is 
cast upon a fiat metal table, and after very careful annealing, ground true and 
polished by suitable machinery. Tubes are made by rapidly drawing out a 
holk>w cylinder; and fron^ these a great variety of useful small apparatus 
may be constructed with the help of a lamp and blow-pipe, or still better, the 
belk>ws-table of the barometer-maker. Small tubes may be bent in the flame 
of a spirit-lamp or gas-jet, and cut with great ease by a file, a scratch being 
made, and the two portions pulled or broken asunder in a way easily learned 
by a few trials. 

Specimens of the two chief varieties of glass gave the following results on 
analysis: 



Bohemian plate glsM (excellent).* 
SiUca . . 60 

Potash . . 25 
Lime . . 12*5 



English flint gla88.t 

Silica . . 51-93 
Potash . . 13-77 
Oxide of lead . 33-28 



I 



97-6 I 98-98 

Difierent colors are often conmiunicated to glass by metallic oxides. Thus 
oxide of cobalt gives deep blue; oxide of manganese, amethyst; sub-oxide of 
copper, ruby-red; black oxide of copper, green; the oxides of iron, dull green 
or brown, &c. These are either added to the melted contents of the glass- 

* Mitscherlich, Lehrbuch, ii. p. 167. 

t Faraday, quoted by Turner, Elements, p. S19, 
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pot, in which they dissolye, or applied in a particular manner to the sur&ce 
of ihe plate o« other object, which is then re-heated until fiision of the coloring 
matter occora; swih is the practice of enameling, and glass-painting. An 
opaque white appearance is given by oxide of tin ; — ^the enamel of watdb-ftces 
is thus prepared. 

When silica is melted with twice its weight of carbonate of potash or soda, 
and the product treated with water, the greater, part dissolves, yielding a solu- 
tion from which acids precipitate gelatinous silica. This is the aoUtbk gUui 
sometimes mentioned by chemical writers; its solution has been used for 
rendering muslin and other fabrics of cotton or linen less combustible. 

PoBCBLAiv ASD sabthsitWabb.— The plasticity of natural clays, and their 
hardening when exposed to heat, are properties i)(rhich suggested in very 
eariy times their application to the making of vessels £)r the various purposes 
of daily life; there are few Isanches of indostiy of higher antiquity iaan that 
exercised by the potter. ' - 

True porcelain is distinguished from earthenware by very obvious charac- 
ters. In portelain the body of the war6 is very compact and translucent, and 
breaks with a o^ichoidal fracture, symptomatic of a commencement of fusion. 
The glaze, too, applied for giving a perfectly smooth sur&ce, is closely adhe- 
rent, and in fact graduates by insensible degrees into the substance of the 
body. In eardienware, on the contrary, the fVacture is open aiid earthy, and 
the glaze detachable with greater or less facility. The compact and partly 
^iBasy character of porcelain is the result of the admixture with the clay of a 
small portion of soime substance, fusible at the temperature' to \vhich the ware 
is exposed when baked or fired, arid which, absorbed b^ the more infusible 
portion, binds the whole into a solid mass on cooling; such substances axe 
found in felspar, and in a small admixture of silicate of lime, or alkali. The 
clay employed in porcelain-making is always directly derived from decomposed 
fel&par, none of ihe days of the secondary strata being pure enough for the 
purpose; it must be white,' and free fVom oxide of iron. To diminish the 
retraction, which this substance undergoes in the fire, a quantity of finely- 
divided silica, carefhlly prepared by crushing and grinding calcined flints 6r 
diert, is added, together with a proper proportion of felspar or other fusible . 
material, also reduced to impalpable powder. The utmost pains are taken to 
efifect perfect uniformity of mixture, and to avoid the introduction of particles 
of grit or other foreign bodies. The ware itself is fkshioned either on the 
potter's wheel; — a kind of vertical lathe;-— or in moulds of plaster of Paris, 
and dried, first in the air, afterwards by artificial heat, and at length com- 
pletely hardened by exposure to the temperature of ignition. The porous 
bitadt is now. fit to receive its glaze, which may be either ground felspar, or 
a mixture of gypsum, silica, and a little porcelain clay, diffused through water. 
The piece is dipped for a moment into this mixture, and i^ithdrawn; the 
water sinks into its substance, and the powder remains evenly spread upon 
its surface; it is once more dried, and lastly, fired at an extremely high 
temperature. 

The porcelain-furnace is a circular structure of masonry, having several 
fire-places, and surmounted by a lofty dome. Dry wood or coal is consumed 
as fuel, and its fiame directed into the interior, and made to circulate around 
and among the earthen cases, or seggan, in which die articles to be fired are 
packed. Many hour? are required for this operation, which requires very 
careful management Afler the lapse of several days, when the furnace has 
completely cooled, the contents are removed in a finished state, so fkr as 
regards the ware. 

The ornamental part, (xnisistihg of gilding and paintings in enamel, has yet 



to be ex^cutad, after whioh the pieces are again heated, in order to ^ux die 
colors. This operation has sometimes to be repeated more than onoe. 

The mamifacture of porcelain in Europe is of modem origin; the Chisese 
hb-ve possessed the art from the comineneement of the seventh ciraitury, and 
their ware is, in some respects, altogether unequaled. The materials 
employed by them are known to be haoHn or decomposed felspar; petuntzi, or 
quartz reduced to fine powder ; and the ashes of fern, which contain carbonate 
of potash. 

STO]ixwABi.—-This is a coarse kind of porcelain, made from clay contain- 
ing oxide of iron and a little lime, to which it owes its partial fusibility. The 
glazing is performed by throwing common .salt into the heated furnace; this 
is volatilized, and decomposed by the joint agency of the silica of the ware, 
and of vapor of water always present; hydrodiiloric acid and soda are pro> 
dueed, the latter forming a silipate, which fuses over the surface of -the ware, 
and gives a thin, but excellent glaze. 

£AmTiis]rwARX.r— The finest kind of earthenware is made from a white 
secondary clay, mixed with a considerable quantity of silica. The articles are 
thoroughly dried and fired, afier which they are dipped into a r^eadily fusible 
glaze-mixti&e, pf which oxide of lead is usually an important ingredient, and, 
when dry, re-heated to the point of fusion of the latter. The whole process 
is much easier of execution than the making of porcelain, and demands less 
.care. The ornamental designs in blue and other colors so common upon 
plates^ and household articles, are printed upon paper in enamel pignoent, 
mixed with oil, and transferred, while still wet, to ^e unglazed ware. When 
the ink becomes dry, the paper is washed off, and the glazing completed. 

The coarser kinds of earthenware are sometimes covered with a whitish 
opaque glaze, which contains the, oxides of lead and tin; such glaze is veiy 
liable to be- attacked by abids, and is dangerous for culinary vessels. 

Crucibles, when of good quality, are very valuable to the practical chemist 
They are made of clay free from Ume, mixed with sand or ground ware of 
the same description. The Hessian and Cornish crucibles are among the best 
Sometimes a mixture of pliuubago and clay is employed for the same purpose, 
and powdered coke has been also used with the earth : such crucibles beer 
r^pid changes of temperature with impunity. 
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SECTION IV. 

OXIDABLE METALS PROPER, WHOSE OXIDES FORM POWERFUL 

BASES. 



XAKOAirSSS. 

MasoaitssbIs tolerably abundant in nature in an oxidized state, forming* 
or entering into the xjomposition of, several interesting minerals. Traced of 
this substance are very frequently found in the asljves of plants. 

Metallic manganese, or perhaps strictly, carburet of manganese, may be 
best prepared by the following process. The carbonate is calcined in an open 
vessel, by which it becomes converted into a dense brown powder ; this is 
intimately mixed with a little charcoal^ and about one-tenth of its weight of 
anhydrous borax. A charcoal crucible is next prepared by filling a Hessian 
or Cornish crucible with moist charcoal powder, introduced a little at a time, 
and rammed as hard as possible. A smooth cavity is then scopped in the 
centre, into which the above-mentioned mixture is compressed, and covered 
with charcoal-powder. The lid of the crucible is luted down with a little 
fire-clay, and the whole arranged in a very powerful wind-furnace. The heat 
is slowly raised until the crucible becomes red-hot, afler which it is urged to 
its maximum for an hour or more. When cold, the crucible is broken up, 
and the metallic button of manganese extracted. 

Manganese is a grayish-white metal, resembling some varieties of cast- 
iron ; it is hard and brittle, and destitute of magnetic properties. Its specific 
gravity is about 8. It is fusible with great difficulty, and, when free from 
iron, oxidizes in the air so readily, that it requires to be preserved in naphtha. 
Water is not sensibly decomposed by manganese in the cold. Dilute sul- 
phuric acid dissolves it with great energy, evolving hydrogen. 

The equivalent of manganese is assumed to be 27*67 ; its symbol is Mn. 

Oxides of maiiganese.— Seven difierent oxides of this metal are described, 
but two out of the number are, probably, secondary compounds. 

Protoxide ....... MnO 

Sesquioxide Mn^3 

Peroxide . . . . . . MnOj 

Red Oxide. Mn,0^ 

Vaurvicite ... . . , MnX)^ 

Manganic acid . ... . . MnO, 

Hypermanganic acid .... MdJS^ 

pROTOxiDi^, MnO. — ^Wl>en carbonate of manganese is lieated in a stream 
of hydrogen gas, or of vapor of water, the carbonic acid is disengaged, and a 
green colored powder leA behind, which is the protoxide. Prepared at a 
dull red-heat only, the protoxide is so prone to absorb oxygen from the air, 
that it cannot be removed from the tube without change ; but when made at 
a higher temperature, it is probably more stable. This oxide is a very power- 
fill base, being isomorphous with magnesia and zinc; it dissolves quietly in 
15 
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dilute adds, neutralizing them completely, and forming ealts, which have often 
a beautiful pink color. When alkalies are added to solutions of these com- 
pounds, the white hydrated oxide first precipitated speedily becomes brown 
by passing to a higher state of oxidation. 

Se8<iuioxidb. Mn^O,.— This compound occurs in nature in the state of 
hydrate ; a very beauti&l crystallized variety is found e^t Ilefeld, in the Hartz. 
It is produced artificially, by exposing to the air the hydrated protoxide, and 
forms the principal part of the residue lefl in the iron retort when oxygen gris 
is prepared by exposing the native peroxide to a moderate red heat The 
color of the sesquioxide is brown or black, according to its origin or mode 
of preparation. It is a feeble base, isomorphous with alumina j for when 
gently heated with diluted sulphuric acid, it dissolves to a red liquid, which, 
on the addition of sulphate of potash or of ammonia, deposits octahedral crys- 
tals having- the constitution of common alum ; these are, however, decomposed 
by water. Strong nitric add resolves this oxide into a mixture of protoxide 
and peroxide, the former dissolving, and the latter remaining unaltered, while 
hot oil of vitriol destroys it by forming protosulphate, and liberating oxygen 
gas. Heated with hydrochloric acid, chlorine is evolved, as with the peroxide, 
but to a smaller extent 

PxRoxisx, Mndg. — ^The most common ore of manganese ; it is found both 
massive and crystallized. It may be obtained artificially in the anhydrous 
state by gently calcining the nitzate, or in combination with water, by adding 
solution of bleaching powder to a salt of the protoxide. Peroxide of manga- 
nese has a black color, is insolul^le in water, and refuses to unite with acids. 
It is decomposed by hot hydrochloric acid and by oil of vitriol, in the same 
manner as the sesquioxide. 

As this substance is an article of commerce of considerable importance, 
being used in very large quantity for making chlorine, and as it is subject to 
great alteration of value from an admixture of the sesquioxide, it becomes 
desirable to possess means of assaying different samples that may be pre- 
sented, with a view of testing their ^tness for the purposes of the manufac- 
turer. One of the best and most convenient methods is the following: — 50 
grains of the mineral, reduced to very fine powder, are put into the little 
vessel employed in the analysis of carbonates,* together with about half an 
ounce of eold water, and 100 grains of strong hydrochloric acid ; 50 grains 
of crystallized oxalic acid are then added, the cork carryiog the chloride of 
calcium tube is fitted, and the whole quickly weighed or coimterpoised. The 
application of a gentle heat suffices to determine the action.; the disengaged 
chlorine converts the oxalic acid into carbonic acid, with the help of the ele- 
ments of water. Two eqiiivalents of carbonic acid, representing one of chlo- 
rine, and consequently one of peroxide of manganese. Now the equivalent 
of the latter substance, 43*67, is so nearly equal to twice that of carbonic acid, 
44, that the loss of weight sufi!ered by the apparatus when the reaction has 
become complete, and the residual gas has been driven off by momentary 
ebullition, may be taken to represent the quantity of real peroxide in the 50 
grains of the sample. 

Rbb oxidb, Mn^O^, or probably, MnO-|-MngO,.— This oxide is also found 
native, and is produced artificially by heating to whiteness the peroxide or 
sesquioxide, or by exposing the protoxide or carbonate to a red-heat in an 
open vessel. It is a reddish brown substance, incapable of forming salts, and 
acted upon by acids in the same manner as the two higher oxides already 
described. Borax and glass in a fused state dissolve this substance, and ac- 
quire the color of the amethyst 

<^ See page 901. 
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Vabyicitk, Mafi^ or Mnfi^'-^QMoOg.-^^A natural produotkni, disoovered 
by Mr. Philips, among certain specimens of manganeseore from Warwick- 
shire ; it has also been found at Uefeld. It much resembles the peroxide, but 
is harder and more brilliant, and contains water. Bjr a strong heat, varvicite 
is oanyerted into red oxide, with disengagement of aqueous vapor and oxygen 
gas. 

CHLomiDS or kahgavsss, MnCl.p— This salt may be prepared in a state of 
purity firom the dsirk brown liquid residue of the preparation of chlorine from 
peroxide of manganese and hydrochloric acid, which often accumulates in 
the laboratory to a considerable extent in the course of investigation ; fr6m 
the pure chloride, the carbonate, and all the other salts, can be conveniently 
obtained. The liquid refeirred to consists chiefly of the mixed chlorides of 
manganese and iron; it is filtered, evapomted to perfect dryness, and then 
slowly heated to dull ignition in a^ earthen vessel, with constant stirring. 
The diloride of iron is thus either vc^atilized or converted by the remaining 
water into insoluble peroxide, while the manganesc'^alt is unaffected. On 
treating the gxayish-Iookiiog powder thus obtained with water^ the chloride of 
manganese is dissolved out, and may be separated by infiltration from th« 
oxide of iron. Should a trace of the latter yet remain, it may be got rid of 
by boiling the liquid for a few minutes with k little carbonate of mcmganese. 
The solution of chloride has usually a delicate pink color, which bebomes 
very manifest when the salt is evaporated to dryness. A strong solution 
deposits roseKiolored tabular crystals, which contain 4 equivalents of water; 
these are very soluble and deliquescent The chloride is fusible at a red heat, 
is decomposed slightly at that tempemture by contact of air,, and is dissolved 
by alcohol, with whigh it forms a crystallizable compound. 

Ss8<ii7iciiioai]iB, MnaCL. — ^When -precipitated sesquioxide of manganese 
is put into cold dilute hydrochloric aci(^ it dissolves quietly, forming a red 
solution of sesquichloride, Heat disengages chlorine, and occasions the pro- 
duction of protochloride. 

SviipHATx OF PBOTOXisB ov XAKOAHSSB, MuO , SOj-^^HO. — ^A boautiful 
rose-oolwed and yexy soluble salt, isomorphous with sulphate of magnesicu 
It is prepared on a large scale for the use of the dyer, by heating, in a close 
vessel, peroxide of manganese and coal, and dissolving ^e impure protoxide 
thus obtained in. sulphuric acid, with the addition of a little hydrochloric acid 
towards the end of the process. The solution is evaporated to dryness, and 
again exposed to a red-heat, by which the- persulphate of iron is decomposed. 
Water then dissolves out the pure sulphate of manganese, leaving the oxide 
of iron behind.* The salt is used to produce a permanent brown dye, the 
cloth steeped in the solution being afterwards passed through a solution of 
bleaching'powder, by which the protoxide is changed ta insoluUe hydmte of 
the peroxide. Sidphate of manganese sometimes crystallizes with five equi- 
valehts of water. It forms a double salt with sulphate of potash. 

CAmBOHATB OB XABeABBBB. — ^Prepared by precipitating the protochloride by 
an alkaline carbonate. It is insoluble and buff-colored, or sometimes nearly 
white. Exposed to heat, it loses carbonic acid, and absorbs oxygen. 
. Maboabic acid, MnO^.— When an oxide of manganese is fused with an 
alkali, an additional quantity of oxygen is taken up from the air, and a deep 
green saline mass results, which contains a salt of the new acid, thus formed 
under the influence of the base. The addition of nitre, or ehlcnute of potash, 
focilitates the production of manganic acid. Water dissolves this > compound 
very readily, and the solution, concentrated by evaporation in vacuo, yields 
green crystals. 

* Onham, Elsmsnts, p. 372. 
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■ HmEVAVSAiric acib.-— MogO.^. — ^When manganate of potash, free from 
any great excess of alkali, is put into a large quantity of water, it is resplved 
into faydiated peroxide of" manganese, which subsides, and a deep purple 
liquid, containing hjrpermanganate of potash. This effect is accelerated by 
heat The changes of color accon^anying this decomposition are very re- 
markable, and have procured fi)r the substance the name mineral chameleon ; 
excess of alkali hinders, in some measure, the reaction, by conferring greater 
stability on the manganate. Hypermanganate of potash is easily prepared 
on a considerable scale. Equal parts of very finely powdered peroxide of 
itianganese and chlorate of potash a^e mixed with rather more than one part 
<^ hydrate of potash dissolved in^ a little water, and the whole exposed, after 
evaporation to dryness, to a temperatnre just short of ignition. The mass is 
treated with hot water, the insoluble oxide separated by decanlation, aTkd the 
deep purple liquid concentrated by heat, until crystals form upon the surface; 
it is then left to cooL The crystals have a dark purple color, and are not very 
soluble in cold water. The manganates and hypermanganates are decomposed 
by contact with organic matter; the former are said to be isomorphous with 
the sulphates, and the latter with the hyperchlorates. 



Salts of the piotoxidb of manganese are very easily distinguished by re- 
agents. 

The caustic alkalis, and ammonia, give white, precipitates, insoluble in ex- 
cess, quickly becoming brown. 

The carbonates, and carbonate of ammonia, give white precipitates, but little 
subject to change. 

Sulphuretted hydrogen gives no precipitate, but sulphuret of ammonium 
throws down insoluble, flesh-colored sulphuret of manganese, which is very 
characteristic. 

Ferroc3ranide of potassium gives a white precipitate. 
> Manganese is also easily detected by the blow-pipe; it gives' with borax 
an amethystine bead in the outer or oxidizing flame, and a colorless one in 
the inner flame. 

moir. 

This is by very far the most important member of the group of metals un- 
der discussion ; there are few 8ubstance;B which yield to it in interest, when 
it is considered how very intimately the knowledge of the properties and uses 
of iron is connected with human civilization. 

Metallic iron is of exceedingly rare occurrence; it has been found at 
Canaan, in Connecticut,* forming a vein about two inches thick in mica-slate, 
and it very frequently enters into the composition of those extraordinary 
stones known to fell from the air, called meteorUet. Isolated masses of soA 
malleable iron also, of large dimensions, lie loose upon the surface of the earth 
in South America and elsewhere, and are presumed to have had a similar 
origin; these latter contain, in common with the iron of the undoubted me- 
teorites, niokeL In an oxidized condition, the presence of iron may be said 
to be universal; it constitutes great part of the common coloring matter of 
rocks and soils; it is contained in plants, and forms an essential component 
of the blood of the animal body. In the state of bisulphate it is also very 
common. Pure iron may be prepared, according to Mitscherlich, by intro- 
ducing into a Hessian crucible 4 parts of fine iron wire cut small, and 1 part 
of black oxide of iron. This is covered with a mixture of white sand, lime, 

• Phillip's Minerakvy, 4th edit p. 906. 
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and carbonate of potaflh, in the proportions used for glass-making, and a oorer 
being closely applied, the crucible is exposed to a very high degree of heat. 
A button of pure metal is thus obtained, the traces of carbon and silicon pre- 
sent in the wire having been removed by the oxygen of the oxide. 

Pure iron has a white color and perfect lustre; it is extremely soft and 
tough, and has a specific gravity of 7*8. The crystalline form is probably the 
cube, to judge fiom appearanees now and then exhibited. In good bar-iron 
or wire a distinct fibious texture may always be observed when the metal has 
been attacked by rusting, or by the application of an acid, and upon the per- 
fection of this fibre n^uchof its strength and value depends. Iron is the most 
tenacious of all the metals, a wire ^ly^ of an inch in diameter bearing a weight 
of 60 lbs. It is very d^cult of fusion, and before beeoming liquid passes 
Enough a soft or pasty condition. Pieces of iron pressed or hanunered to- 
gether in this state, cohere into a single mass; the operation is termed uM- 
Mg^,.and is usually performed by sprinkHng a little sand over the heated metal, 
which combines with the superficial film of oxide, forming a fusible silicate, 
which is subsequently forced out from between the pieces of iron l^the pres- 
sure applied; clean sUr&ces of mefal are thus presented to each other, and 
union takes place without difficulty. 

Iron does not oxidize in dry air at common temperatures ; heated to red- 
ness, it becomes covered with a scaly cbating of black oxide, and at a high 
white heat, bums brilliantly, produdng the same- substance ; in oxygen gas 
the combustion occurs with still greater ease. The finely-divided spongy 
metal, prepared by reducing the red oxide by hydrogen gas, takes fire spoo- 
taneously in the air.* Pure water, free from aix and carbonic acid, does not 
tarnish a surfece ot polished iron, but the combined agency of free oxygen 
and moisture speedily leads to the production of rust, which is a hydrate of 
the peroxide. The rusting of iron is wonderfully' promoted by the presence 
of a little acid vapor. At a, red heat iron decomposes water, evolving hydro- 
gen, and passing into the black oxide. Dilute sulphuric and hydrochloric acids 
dissolve it freely with separation of hydrogen. Ircm is strongly magnetic up 
to a red-heat, when it loses. all traces of that remarkable property. 

The equivalent of iron is 27*14, and its symbol Fe. 

Four compounds of iron and oxygen are described. 

Protoxide . . FeO 

Sesquioxide (peroxide) FegQ, 

Black oxide . . ^^$^4 

Ferric acid . . FeO, 

Pbotoxidb. FeO. — ^This is a very powerful base, neutralizing acids com- 
pletely, and isormorphous with magnesia, oxide of zinc, &c. It is almost un- 
knowp in a separate state, from its extreme proneness to absorb oxygen and 
pass into the sesquioxide. When a salt of this substance is mixed with caustic 
alkali or ammonia, a bulky whitish precipitate of h3rdrate of the protoxide 
&lls, which becomes nearly black when boiled, possibly from the separation 
of water. This hydrate exposed to the air, very rapidly changes, becoming 
green and ultimately red-brown. The soluble salts of protoxide of iron have 
commonly a delicate pale green color, and a nauseous metaXHc taste. 

Pbboxidb. FcgO,. — ^A feeble base, isomorphous with alumina. Peroxide 
of iron occurs native, most beautifully crystallized as specular iron ore in the 
Island of Elba, and elsewhere; also as red and brown A^emo^ec, the latter 
being a hydrate. It is artificially prepared by precipitating a solution of per- 
sulphate or perchloride or iron by excess of ammonia, and washing, drying, 

* When obtained at a heat below redness.— R. B. 
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and ig&itiog the yeUowieih brown hydmte thus produced ; fixed allodi must 
not be used in this operation, as a portion is retained b^ thp oxide. In fine 
powder, this oxide has a full red color, and is used as a pigment, being pre- 
pared for the purpose by calcination, of the protosulphate ; the tint varies 
somewhat with the temperature to which it has been exposed. 'This oxide 
is unaltered in the fire, although easily reduced at a high temperature by car- 
bon or hydrogen. It dissolves in acids, with difficulty afler strong ignition, 
forming a series of reddish ^sahs, which have an acid reaction and an astring* 
ent taste. Peroxide of iron is not acted upon by the magnet* 

Black oxide; MAeirsTZC oxids; loadstoits. F^O^y or probably FeO-f- 
Tefiy — ^A natural product, one of the most valuable of the iron ores, often 
found in regular octahedral crystals, which are magnetic. It may be prepared 
by mixing due {proportions of a proto and a per-sidt of iron, precipitating them 
by. excess of alkali and then boiling the mixed hydrates, when the latter unite 
to a black sandy substance, consisting of minute crystals of the magnetic oxide. 
This oxide is the chief product of the oxidation oif iron at a high temperature 
in the air and in aqueous vapor. It is incapable of forming salts. . 

FxBBic Acis. FeOg.*-^A very remarkable compound of recent discovery. 
The simplest mode of preparing it is to heat to full redness, for an hour, in a 
•overed crucible, a mixture c^ one^pait of pure peroxide of iroiv^od four parts 
of dry nitre. The brown, porous, deliquescent mass is treated when cold 
with ice-cold water, by which a deep amethystine red solution of ferrate of 
potash is obtained. This gradually decconposes even in the cold, evolving 
oxygen gas, ^nd depositing sesquioxide ; by heat the decomposition is very 
rapid. The solution of ferrate of potash gives no precipitate with salts of 
lime, magnesia^ or strontia, but when mixed with one of baryta, a deep crim- 
son, insoluble compound falls, which is a ferrate of that base, and is very per- 
manent, 

Protochlohids ov jsoir. FeCl^T— Formed by transmitting dry hydrochloric 
acid gas over red-hot metallic iron, or by dissolving iron in hydrochloric acid. 
The latter solution yields, when duly concentrated, green crystals of the pro- 
tbchloride, containing 4 equivalents of water ; they are very soluble and deli- 
quescent, and rapidly poroxidize in the air. 

SssiitriCHLOiiiDE ov ii^oiTj FegClj.-^Usually prepared by dissolving per- 
oxide in hydrochloric acid. The solution, evaporated to a i^rupy consistence, 
deposits red, hydrated crystals, which are very soluble in water, and alcohoL 
It forms double salts with chloride of potassium and sal ammoniac Wlien 
evaporated to dryness and strongly heated, much of the chloride is decom- 
posed, yielding peroxide and hydrochloric acid; the remainder sublimes, and 
afterwards condenses in the form of small brilliant red crystals, which deli- 
quesce rapidly. The solution of sesquichloride of iron is capable of dissolving 
a large excess of recently precipitated hydrate of the peroxide^ by which it 
acquires a much darker color. Anhydrous sesquichloride of iron is also pro- 
duced by the action of chlorine upon the heated metal. 

PaoTiODinx OF noir. Fel.— -This is an important medicinal preparation; 
it is easily made by digesting iodine with water and metallic iron. The so- 
lution is pale green, and yields, on evaporation, crystals resembling those of 
the chloride, which rapidly peroxidize on exposure to air. It is best preserved 
in solution in contact with excess of iron.t A periodide of iron exists, which 
is yellowish red, and soluble. 

* In the form of hydrate, Fe,O^^HO, as recently preeiphRted from the pefsalphste 
by wnmonia;, it constitutes the antidote for anenioas acid. The affinity for water in this 
case is not strong— the hydrate gradually decomposing even when kept under water, 
its color passing from yellowish brown to red.— R. B. 

t Or |>rotected from the action of oxygen by pare honey, or other saccharine sab- 
stance, la the proportion of one part to three of the solntion.— R. B. 
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SuLVHVEBTs OT iBo^.-^SeTeial compouodfl of iron and sulphur are described; 
of these ihe two most important are the following. ProUmdpkuiret^ FeS, is a 
blackish, brittle substance, attracted byth^ magnet^ formed by heating together 
iron and sulphur. It is dissolved by dilute acids with evolution of sulphuretted 
hydrogen gas, and is consttotly employed for thai purpose in the laboratory, 
being made by projecting into a jred^hot crucible a mixture of 2^ parts of sul- 
phur and 4 parts of iron filings or borings of cast-iron, and excluding the air 
as mu<^ as possible. The same substance is formed when a bar of white-hot 
iron is brou^t in contact with sulphur. The bitwlphurtt »f mm, FeS,, is a 
natural product, occurring in rocks of all ages, and evidently formed in many 
cases by the gradual deoxidation of sulphate of iron by organic, matter. It 
has a brass yellow color, is very hard, not attracted by the magnet, and not 
acted upon by dilute acids. Exposed to heat, sulphur is expelled, and an inter- 
mediate siilphuret, the analogue probably of the black oxide, produced. This 
substance also occurs native, upder the name of fnngnetic pyrites. The bisul- 
phuret is now much used in the manufacture of sulphuric acid. 

Compounds of iron with phosphorus, carbon, and silicon exist, but little is 
known respecting' them in a definite State., The carburet is contained in cast- 
iron and in steel, to which it communicates ready fiisibility; the silicate is 
also found in cast-iron, l^hosphorus is a very hurtiul substance in bar-iron, 
as it renders it brittle Or cold-short. 

PaoTOSuxPEATS ov iBOK ; ORXiir TiTBioL. FeO , SOj-f-THO^-^This beau- 
tiful and important salt may be obtained by directly d&solving iron in dilute 
sulphuric acid; it is generally prepared, however, and that on a very large 
scale, by contact of air and moisture with common iron pyrites, which, by 
absorption of oxygen, readily furnishes the substance in question. Heaps of 
this material are exposed to the air until the decomposition is sufficiently ad- 
vanced J the ^t produced is then dissolved out by water, and the solution 
made to crystallize. It forms large green crystals, of the^xx)mposition above 
stated, which slowly effloresce and peroxidize in the air ; it is soluble in about 
twice its weight of cold Water. ' Crystals containing 4, and also 2 equivalents 
of water, have been obtained. Protosulphate of iron forms double salts with 
the sulphates of potash and ammonia. 

PBBBiri.FHATX Of iBOH. Yefi^,^SO^ — ^Prepared. by adding to a solution 
of the pmto^salt exactly one-half as much sulphuric acid as it already con- 
tains, raising the Hquid to the boiling point, and then dropping in nitric acid 
until the solution ceases to blacken by such addition. The red liquid thus 
obtained finmishes, on evaporation to dryness, a buffoolored, amorphous 
mass, which, when put into water, very slowly dissolves. With ihe sulphates 
of poteish and ammonia, this salt yields compounds having the form and con- 
stitution tr die alums; the crystals are nearly destitute of color. These 
latter are decomposed by water, and sometimes by long keeping when in a 
dry state. They are best prepared by exposing to spontaneous evaporation a 
solution of persulphate of iron to which sulphate of potash or of ammonia has 
been added. 

Pkotokitbatx or iBoir. — ^FeO , NOg.-^When dilute cold nitric acid is made 
to act to saturation upon protosulphuret of iron, and the solution evaporated 
in vacuo, pale green and very soluble erystals of protonitrate are obtained, 
which are very subject to idteration. PentitrcUe is readily formed by pouring 
nitric acid, slightly diluted, upon iron ; it is a' deep red liquid, apt to deposit 
insohible sub-salt, and is used in dyeing. 

PBcrrec AABOKATx or ibok. FeO , €0,.^— The white precipitate obtained by 
mixing solutions of proto-salt of iron and alkaline carbonate; it cannot be 
washed and dried without losing carbonic acid and absorbing oxygen. This 
substance occurs in nature as tpathose iron ori, associated with variable 
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qUBOtities of carbonate of lime and of magnesia; and also in the ocnnraon 
ckof iron'ttOMy {torn which nearly all the British iron is made. It is often 
found in mineral waters, being soluble in excess of carbonic acid; such 
waters are known by the rusty matter they deposit No carbonate of the 
peroxide is known. 
- The phosphates of iron are all insoluble. ^ ■ 



Salts of the protoxide of iron are thus distinguished >^ 

Caustic alkalis, and ammonia, give nearly white precipitates, insoluble in 
excess of the reagent, mpidly becoming green, and ultimately brown, by 
exposure to air. 

Alkaline carbonates, and carbonate of aounonia, throw down the white 
carbonate, also very subject to change. 

• Sulphuretted hydrogen gives no precipitate, but sulphuret of amm^onium 
throws down black protosulphuret of inm, soluble in dilute acids. 

Ferroc3ranide of potassium gives a nearly white predpitatfB, becoming deep 
blue on exposure to air.- 

Salts of the peroxide are thus characterized. >— 

Caustic alkalis, and ammonia, give foxy-red precipitates of hydrated per- 
oxide, insoluUe in excess. 

• The carbonates behave in a similar manner, the carbonic aoid escaping. 
Sulphuretted hydrogen gives a nearly white precipitate of sulphur, and 

reduces the peroxide to protoxide. 

Sulphuret of ammonium gives a black precipitiite, slightly soluble in 
excess. 

Fenrocyanide of potassium yields Prussian blue. 



hrm fn(um/aetur€.-^^T}n8 most important bninch of industry consists, as 
now conducted, of two distinct parts, viz., the production from the ore of a 
fusible carburet of iron, and the subsequent decomposition of the carburet, 
and its conversion into pure or malleable iron. 

The clay iron ore is ibund in association with coal, forming thin beds or 
nodules; it consists, as already menticmed, of carbonate of iron mixed with 
clay; sometimes lime and magnesia are also present It is broken in pieces, 
and exposed to. heat in a furnace resembling a lime-kiln, by which the water 
and carbonic acid are expelled, and the ore rendered dark-<so]ored, deiiser, 
and also magnetic; it is then ready for reduction. The furnace in which 
this operation is performed is usually of very large dim^isions, fifty feet or 
more in height, and constructed of brickwork Mrith great solidity, the interior 
being lined with excellent fire-l>rioks ; the figure will be at once understood from 
the sectional drawing. (Fig. 140.) The furnace is close at the bottom, the fire 
being maintained by a powerful artificial blast introduced l^ two or three tuyert' 
pipes, as shown in the section. The materials consisting of due proportions 
of coke or carbonized coal, roasted ore, and limestone, are constantly supplied 
from the top, the operation proceeding continuously night and day, often for 
years, or until the furnace is judged to require repair. In the upper part of 
the furnace, where the temperature is still very high, and where combustible 
gades abound, the iron of the ore is probably reduced to the metallic state, 
being disseminated through the earthy matter of the ore ; as the whole sinks 
down and attains a still higher degree of heat, the iron becomes converted 
into carburet by cementation^ while the silica and alumina unite with the 
lime, purposely added, to a kind of glass or tlag, nearly free fiDom oxide of 
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'mm. The cnrbcuet and slag, boih in a melted state, leach si last the bottom 
of the fumsCB, where they anange themselves in the order of their densities; 
the slag flows out al cetiain apertures contrived for the purpose, and the iron 
is discharged from tinie to' time, and sufiered lo run into rude moulds of sand, 
by opening an orifice at the bottom of the recipient, previously stopped with 
clay. Such is the origin of crude or cast-iron, of which there are several 
varieties, distinguished by differences of color, hardness, and composition, and 
known by the names of gray, blade, and lehilt iron. The first is for most 
puipoeea the best, as it admits of being filed and cut with perfect ease. The 
blaok and gaj kinds probably contain a mechanioal admixture of graphite, 
which separates during soUdiflcation. 

Fig. 140. ., 



A great unprovement has been recently mads in the abore-deecribed pro- 
cess, by subsiUutuig raw ocnl for coke, aod blowing hot aii, instead of cold, 
into the fiimace. This is afiected by causing the air, on leaving the blowing- 
machine, to circulate through a system of red-hot iron pipes, until ils tempera- 
ture becomes high enough lo melt lead. This alteration has already efiected 
B prodigiaus saving in fuel, wilhoot, it appears, any injury to the iquality of 
flie product 

The conversion of cast into bar-iron is efiected by an operalicai cBlled pud- 
dling; previous to which, however, it CQtnmonly undergoes a process, the 
theory of which is not very intelligible. It is i»melled, and sudden^' cooled, 
by wliich it become* while, crystoUine, and exceedingly hudi in this state it 
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is caUedyifi^ffMtal. The puddling pcooess i» conducted in an ordinary revei^ 
beratory iVimace, into which the charge of fine Aietal is introduced by a side 
aperture. This is speedUy melted by the flame, and its surfltcecovere4 with 
a coat of oxide. The workman then, by the aid of an iron tool, diligently stirs 
the melted mass, so as intimately to mix the oxide wiih the metal; he now 
and then also throws in a little water, with the view of promoting more rapid 
oxidation.. Small jets of blue flame soon appear upon the surface of the iron, 
and the latter, after a time, begins to lose its fluidity, and acquires, in succes- 
sion, a past^ and a granular condition. At this point, the fire is strongly 
urged, die sandy particles once more cohere, and the contents of the furnace 
now admit of being formed into several large balls pr masses, which are then 
withdrawn, and placed u^ider an immense hammer, moved by machinery, 
by whjgh eadi becomes quickly &shioned into a rude bar. This is re-heated, 
and passed between grooved oast-iron rollers, and draWn out into a long bar 
or rod. To make the best iron, the bar is cut into a number of pieces, which 
are afterwards bound together, again raised to a welding heat, and hammered 
or rolled into a single bar; and this process of piling or fagotting is some- 
times twice or thrice repeated, the iron becoming greatly improved thereby. 

The general nature of the change in the puddling furnace is not difficult to 
explain. Cast-iron consists essentially of iron in combination with carbon 
and siHcon; when strongly heated with oxide of iron, those compounds un- 
dergo decomposition, the carbon and silicon becoming oxidized at the expense 
of £e oxygen of the oxide. As this change takes place, the metal gradually 
loses its fusibility, but retains a certain degree .of adhesiveness, so that when 
at last it comes under the tilt-hammer, or between the rollers, the particles of 
iron become agglutinated into a solid mass, while the ready^fusible silicate of 
the oxide is squeezed out and separated. 

All these processes are, i!i Great Britain, performed with coal or coke, but 
the iron obtained is, in many respects, inferior to that made in Sweden and 
Kussia from the magnetic oxide, by the use of wood charcoal ; — a ftiel too 
dear to be extensively employed, in England. Plate iron is, however, some- 
times made with charcoal. 

Steel. — ^A very remarkable, and most useful substance, plrepared by heating 
iron in contact with charcoal. Bars of Swedish iron are imbedded in char- 
coal powder, contained in a large rectangular crucible or chest of some sub- 
stance, capable of resisting the fire, and exposed for many hours to k full 
red heat The iron takes up, under these circumstances, from 1'3 to 1*7 per 
cent of carbon, becoming harder, and at the same time fusible, with a certain 
diminution, however, pf malleability. The active agent in this ceifientation 
process is probably carbonic oxide; the oxygen of the air in the crucible com- 
bines, with the carbon, to form that substance, which is afterwards decom- 
posed by the heated iron, one half of its carbon being abstracted by the latter. 
The carbonic acid thus formed takes up an additioital dose of carbon from 
the charcoal, and again becomes carbonic oxide, the Oxygen, or rather the 
carbonic acid, acting as 'a carrier between the charooal ami the metal. The 
product of this operation is called bUstered steel, from the blistered and roilgh 
appearance of the bars; the texture is afterwards improved and equalized by 
welding a number of these bars together, and drawing the Whole out under a 
light tilt-hammer. . 

The most perfect kind of steel is that which has undergone fiision, having 
been cast into ingot>moulds, and afterwards hanunered; of^is all fine cutting 
instruments are made; it is difficult to force, requiring great skill and care on 
the part of the^ operator. 

Steel may also be made directly from some particular varieties of cast-iron, 
M that from spathose iron ore, oontaining a tittle manganese. The metal i$ 
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letained, in a melted states in the hearth of a iiirnace while a stream of air 
plays upon it^ and causes partial oxidation; the oxide produced reacts, as 
before stated, on the carbon of the iron, and withdraws a portion of that 
element When a proper degree of stiffiiess or pastiness is observed in the 
residual metal, ^t is withdrawn, and hammered or rolled into bars. The 
wootz, or native steel of India, is probably made in this manner. Annealed 
cast-iron, sometimes called nm^^ee/, is now much employed as a substitute for 
the more costly products of the forge; the articles, when cast, are imbedded in 
powdered iron-ore, or some earthy material, and, after being exposed to a 
moderate red heat for some time, are allowed slowly to cool, by which a very 
extraordinary degree of softness and malleability is attained. It is very pos- 
sible that some little decarbonization may take place during this process. 

The most remarkable property of steel is that of becoming exceedingly hard 
when quickly cooled; when heated to redness, and suddenly quenched in 
cold water, steel, in fact, becomes capable of scratching glass with fecility; 
if re-heated to redness, and once more leA to cool slowly, it again becomes 
nearly as soit as ordinary iron, and, between these two conditions, any re- 
quired degree c^ liardness may jbe attaii^ed. The articles, forged into shape, 
are :first hardened in the manner described ; they are ^en tempered, or let 
down^ by exposure to a proper degree of annealing heat, which is oAen judged 
of "bf the color of the thin film of oxide which appears on the polished sur- 
foce. Thus, a temperature of about 430^ F., indicated by a faint straw-color, 
gives the proper temper for razors ; that for scissors, pen-knives, &c., will be 
comprised between 470° and 490°, and be attained by a full yellow or brown 
tint Swords and watch-springs require to be softer and more elastK, and 
must be heated to 550° or 5.60°, or until the surfade becomes deep blue. At- 
tention to these colors has now become of less importance, as metal baths are 
often substituted for the open fire in this operation. 

iriCKXL. 

. Nickel is found in tolerable abundance in some of the metal-bearing veins 
of the Hartz mountains, and in a few other localities, cfaiefiy as arseniuret, 
the kupfemickel of mineralogists, so called from its yeilowish-red color ; the 
word nickei is a term of detraction, having been applied by th^ old, German 
miners to what was looked upon as a kind of false copper ore. 

The artificial, or perhaps rather, fused product, called qmss, is nearly the 
same substance, and may be employed as a sOurce of tbe nipkel-sidts. This 
metal is found in meteoric iron, as already mentioned. 

Nickel is easily prepared by exposing the oxalate to a high white heat, in 
a crucible lined with charcoal. It is a white, malleable metal, having a 
density of £*8, a high melting-point, and a less degree of oxidability than iron, 
since it is but little attacked by (Ulute acids. Nickel is strongly magnetic, 
but loses this property when heated t6 660°. This metal forms two elides, 
only one of which is basic. The equivalent of nickel is 29*57; its symbol 
is NL 

Pbotoxibs or nricKxi., NiO. — ^This compound is prepared by heating to 
redness the nitrate, or by precipitating a soluble salt with caustic potash, and 
washing, drjnng, and igniting the apple-green hydrated oxide thrown down. 
It is an ash-gray powder, freely soluble in acids, which it completely neu- 
tralizes, being isomorphous with magnesia, and the other members of the same 
group. The salts of this substance have usually a beautiful green color. 

PxaoxiDx, or supsboxiox of sickxl, Ni^O^. — The peroxide is a black in- 
soluble substance, prepared by passing chlorine through the hydrated oxide 
suspended in water ; chloride of nickel is formed, and the oxygen of the 
oxide decomposed transferred to a second portion. It is also produced when 
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a salt of nickel is mixed with a solution of bleaching powder. The per- 
oxide is decomposed by heat, and evolves chlorine when put into hot hy- 
drochloric acid. 

Chloridx or iricxxL, NiCl. — ^This is easily prepared by dissolving oxide 
of nickel in hydrochloric acid. A green solution is obtained which furnishes 
crystals of the same color, containing water. When rendered anhydrous by 
heat, the chloride is yellow, unless it contain cobalt, in which case it has a 
tint of green. 

SUI.PIIATX OF iriCKSL, NiO, SOg-l-VflO. — ^This is the salt from which the 
other compounds of nickel are commonly prepared ; the following is said to be 
a good process for obtaining it from the crude arseniuret The speiss, which 
should be free from cobalt, is reduced to very fine powder, and roasted, at a 
dull red-heat, in an open vessel, a little charcoal-powder being added from 
time to time. The residue, which principally consists of arseniate of the 
oxide, is mixed wi& carbonate of soda and a little nitre, and the whole heated 
to fusion in an earthen crucible. Any undecomposed arseniuret is thus oxi^ 
dized, while the arsenic acid is tmnsferred to the alkali The arseniate and 
superfluous carbonate of soda are then separated from the oxide of nickel by 
solution in water, and the latter is dissolved in dilute sulphuric acid.> This 
solution is boiled with chalk (carbonate of lime), which does not act upbn the 
sulphate of nickel, but precipitates oxide of iron and other substances com- 
pletely. Lastly, the purification is completed by a stream of sulphuretted 
hydrogen, which separates any copper, &c., which may happen to be present 

The sulphate is deposited from a moderately strong solution in green pris- 
matic crystals, containing 7 equivalents of water, whtch require about 3 parts 
of cold water foi solution. Crystals with 6 equivalents of water have also 
been obtained. It forms, with the sulphate of potash and ammonia, beautiful 
double salts, ,NiO,SO,+KO,SO,+6HO and NiO,SO,+NH40, S0,+6H0. 
When a strong solution of oiBlic acid is mixed with sulphate of nickel, a pale 
bluish-green precipitate of oxalate falls| after some time, very little nickel re- 
maining in solution. The oxalate can thus be obtained (or preparing the metaL 

CAMBQirATX OF iTicKXL. — ^Whcn solutious of sulphate of nickel and of car^ 
bonate of soda- are mixed, a pale green precipitate falls, which is a combina- 
tion of carbonate and hydrate of nickel, it is readily decomposed by heat 



The salts of nickel are well characterized by their behavior with re- 
agents. 

Caustic alkalis give a pale apple-green precipitate of hydrate, insoluble in 
excess. 

Ammonia a^rds a similar precipitate, which is soluble in excess, with 
deep purplish-blue color. 

Cubonate of potash and soda give pale green precipitates. 

Carbonate of ammonia, a similair precipitate, soluble in excess, with blue 
color. 

Ferrocyanide of potassium gives a greenish-white precipitate. 

Sulphuretted hydrogen occasions no change. 

Sulphuret of ammonium throws down a black sulphuret of nickel. 



The chief use of nickel in the arts is in the preparation of a white alloy, 
sometimes called German silver, made by melting together 100 parts of cop- 
per, 60 of zinc, and 40 of nickel. This alloy is very malleable, and takes a 
hi^ polish. 
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COBALT. 

This substance bears, in many respects, an extraordinary resemblance tb 
the metal last described ; it is constantly associated with it in nature, and may 
be obtained from its compounds by similcur means. Cobalt is a white brittle 
metal, having a specific gravity of 8*5, and a very high melting-point It is 
unchanged in the air, and but feebly attacked by dilute hydrochloric and 
sulphuric acids. When quite pure, cobalt is not magnetic. There are two 
oxides of this metal, corresponding in properties and constitution with those 
of nickel. 

The equivalent of cobalt is 29*52 ; its symbol is Co. 

PmoToxiox OP COBALT. — CoO.-r-This IS gray powder, very soluble in acids, 
and is a strong base, isomorphous with, magnesia, afibrding salts of a fine 
red tint It is prepared hy precipitating sulphate of cobalt with carbonate of 
soda, and washing and, drying and igniting the precipitate. When, the cobalt- 
solution ia mixed with caustic potash, a beautiful blue precipitate fiiUs, which 
when heated, becomes violet, and at length dirty red, irom a change in the 
state of hydration. 

Pbboxibb or cobalt. — CogO,.— The peroxide is a black, inspluble, neutral 
powder, obtained by mixing solutions of cobalt and of chloride of lime. 

Chlobibb of cobalt. — CoCl. — ^The chloride is easily prepared by dissolving 
the oxide in hydrochloric acid ; it gives a deep rose-red solution, which, when 
sufficiently strong, deposits hydrated crystals of the same color. When the 
liquid is evaporated by heat to a very small bulk, it deposits anhydrous crys- 
tals 'whicli are blue; these latter by contact with water again dissolve to a red 
liquid. .A dilute solution of chloride of cobalt constitutes the well-known blue 
tympathetic ink; characters written on paper with this liquid are invisible 
.&om their paleness of color until the salt has been rendered anhydrous by 
exposure to heat, when the letters appear blue. When laid aside, moisture 
is absorbed, and the writing once more disappears. Green symi>athetic ink 
is a mixture of the chlorides of cobalt and nickel. 

SuLFHATB OP COBALT. — CoO,SOg-|- 7H0. — ^This salt may be directly pre- 
pared firom cobalt- glcmce^lhe native arseniuret, which should be. chosen free 
from nickel, as much difficulty occurs in separating these two metals. The 
ore is pulverized and roasted wilh a little charcoal powder; the impure oxide 
is dissolved in sulphuric add, to which a little hydrochlcnic add is^added; the 
solution is boiled with chalk, treated with sulphuretted hydrogen, and evapo- 
tated to the crystallizing point The crystals are Ted ; they require for solu- 
tion 24 parts of cold water, and are identical in form with those of sulphate 
of magnesia. The sulphate of cobalt forms double salts with the sulphates 
of potash and ammonia, which contain as usual six equivalents of water. 

A solution of oxalic acid. added to one of sulphate of cobalt occasions, after 
some time, the separation of nearly the whole of the base in the state of 
oxalate. 

Cabboitatb op COBALT.-— The alkaline carbonates produce in solutions of 
cobalt a pale peach blossom colored precipitate of combined oaib(»iate and 
hydrate, containing 3CoO,Ha4-2CoC02^HO, 



The salts of cobalt have the following characters >— 

Solution of potash gives a blue precipitate, changing by heat to violet and 
red. ^ 

Ammonia gives a blue precipitate, soluble with difficulty in excess with 
brownish red color. 

Carbonate of soda afiTords a pink predpilate. 
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Carbonate of ammonia, a similar compound, soluble in excess. 
Ferrocyanide of potassium gives a grayish-greeti precipitate. 
Sulphuretted hydrogen produces no change. 
Sulphuret of ammonium throws down black sulphuret of cobalt 



Oxide of cobalt is remarkable for the magnificent blue color it communi- 
cates to glass; indeed this is a character by which its presence may be most 
easily detected, a very small portion of the substance to be examined being 
fused with borax on a loop of platinum wire before the blow-pipe. The 
substance called analt^ used as a pigment, consists of glass colored by oxide of 
cobalt; it is thus made: — the cobalt ore is roasted until nearly free from 
arsenic, and dien fused with a mixture of carbonate of potash and quartz- 
sand free from oxide of iron. Any nickel that may happen to be contained 
in the ore then subsides to the bottom of the crucible as arseniuret;^ this is 
the tpeisSy of which mention has already been made. The glass, when oom« 
plete, is removed and poured into cold water; it is afterwards ground to 
powder and elutriated. CobcUt-tdtramcarine is a fine blue color prepared bjr 
mixing 16 parts of fireshly-precipitated alumina with 2 parts of phosphate or 
arseniate of cobalt: this mixture is dried and slowly heated to redness. By 
day-light the color is pure blue, but by artificial light it is violet. Zaffer is the 
roasted cobalt ore mixed with a quantity of siliceous sand, and reduced to 
fine powder; it is used in enamel painting. A mixture in due proportions 
of the oxides of cobalt, manganese and iron is ufied tat giving a fine black 
color to glass. 

xiirc. 

Zinc is a somewhat abundant metal ; it ia found in the s^ate of carbonate 
and sulphuret, associated virith lead ores in many districts, both in Britain and 
on the continent; large supplies are obtained itota Silesia. The native car* 
bonate, or ca/amtfle, is the most valuable of the zinc ores, and is preferred for 
the extraction of the metal; it is :first roasted to expel water and carbonio 
acid, mixed with fir^gments of coke or charcoal, and then distilled at a full 
red)*heat in a large earthen retort; carbonic oxide escapes, while the reduced 
metal volatilizes, and is opndensed by suit&ble means. 

Zinc is a bluish-white metal, which slowly tarnishes in the air ; it has a 
lamellar, crystalline structure, a density varying from 6*8 to 7*2, and is, under 
ordinary circumstances, brittle. Between 250° and 300° it is, on the contrary, 
malleable, and may be rolled or hammered without danger of fracture, and 
what is very remarkable, after suidi treatment, retains its malleability when 
cold ;^the sheet-zinc of ooounerce is thus made. At 400° it is so brittle that 
it may be. redilced to powder. At 773° it melts ; at a bright red^ieat it boils 
and volatilizes, and if air be admitted, bums with a splendid green light, gene- 
icating the oxide. Pilute acids dissolve zinc very readily ; it is constantly 
employed in this manner in preparing hydrogen gas. 

The equivalent of zinc has been fixed at 33*; its symbol Zn. 

Oxide op zivc^-ZnO.—- Only one oxide of this metal is known to exist; it 
is a strong base, isomorphous with magnesia; it is prepared either by burn- 
ing zinc in atmospheric air, or by heating to redness fiie carbonate. Oxide 
of zinc is a white, tasteless powder, insoluble in water, but fVeely dissolved 
by acids. When heated it is yellow. 

SuLFHATX or zivc; WEiTB viTBiOL^— ZnO,S03-f-7HO. — ^This salt is hardly 
to be distinguished by the eye from sulphate of magnesia; it is prepared 
either by dissolving the metal in dilute sulphuric acid, or more eoonomicaUy 
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by roasting the native sulphuret, or bkndi, wjiich) by absorption of oxygen, ber 
oomes in great „part converted into sulphate of the oxide. The altered mineral 
is thrown hot into water, and the salt obtained by evaporating the clear solu- 
tion. Sulphate of zinc has«an astringent, metallic taste, and is used in medi- 
cine as an emetic. The crystals dissolve in 2^ parts of cold, and in a much 
smaller quanti^of hot water. Crystals containing 6 equivalents of water 
have been Qbserved. . .Sulphate of zinc forms double salts with the sulphates 
of potash, and ammonia. 

Carbosatb of Kiirc.-^ZnO,C02-*— The neutral carbonate is found native; 
the white precipitate, obtained by mixing solutions of zinc and of alkaline car- 
bonates, is a combination of carbonate and hydrate. When heated to redness 
it yields puxe oxide of zinc. ^ 

Chi.orii)x op kiitc.— ZnCl.— The chloride may be prepved by heating 
metallic zinc in chlorine ; by distilling a mixture of zinc-fiUngs and corrosive 
sublimate : or, more^ easily, by dissolving zinc in hydrochloric acid. It is a 
nearly white, translucent, fusible substance, very soluble in water and alcohol, 
and very deliquescent A strong solution of chloride of zinc is used as a bath 
for obtaining a graduated heat above 212°. Chloride of zinc unites with sal- 
ammoniac and chloride of potassium to double salts ; the former of these, made 
by di^lving an equivalent of zinc in the requisite quantity of hydrochlorio 
acid, and then adding an equivalent of sal-ammoniac, is very useful in tinning 
and soA-soldering copper and iron. 



A salt of zinc is easily distinguished by appropriate reagents. 

Caustic potash and soda give a white precipitate of hydrate, freely soluble 
in excess of alkaH. 

Ammonia behaves in the same manner; an excess re-dissolves the precipi 
tate instantly. 

The carbonates of potash and soda give white precipitates, insoluble in 
excess. s 

Carbonate of ammonia gives also a white precipitate, which is re-dissolved 
by an excess. 

Ferrocyanide of potassium gives a white precipitate. 

Sulphuretted hydrogen causes no change. 

Sulphuret of ammonium throws down white sulphuret of zinc. 



The applications of metallic zinc to the purposes of roofing, the construction 
of water*channels, &c., are well known; it is sufficiently dibble, but inferior, 
in this respect, to copper. 

CABXinX. 

This metal was discovered in 1817 by Stromeyer ; it accompanies the ores of 
zinc, and, being more volatile than that substance, rises first in vapor when 
the calamine is subjected to distillation with charcoal. Cadmium resembles 
tin in color, but is somewhat harder; it is very malleable, has a density of 8*7, 
melts below 500°, and is nearly as volatile as mercury. It tarnishes but little 
in the air, but, when strongly heatCKl, burns. Dilute sulphuric and hydrochlorio 
adds act but little on this metal in the cold; nitric acid is its best solvent. 

The equivalent of oadmium is 55*74; its sjpnbol is Cd. 

Oxinx OF CADxiux, CdO.— *The oxide may be prepared by igniting either 
the carbonate or the nitrate ; in the former case it has a pale brovm color, and 
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in the letter ^ much darker tint, and a crystalline aspect. Oxide of cadmitun 
is infusible ; it dissolves in acids, producing a series of colorless salts. 

SvLpHATK OF CADxiiTX, CdO , SOj-l-^HO.— Thls is easily obtained by dis- 
- solving the oxide or carbonate in dilute sulphuric acid; it is very soluble in 
water, and forms double salts with the sulphates of potash and of ammonia, 
which contain CdO , SO.+KO , S0g+6H0, and the latter CdO, SOo^-NH.O, 
S0.+6H0. 

UHLomiBs OF cuixiux, CdCl. — ^This is a very soluble salt, crystallizing in 
small four-sided prisms. 

SuLFHumxT OF CADMiux is u Very characteristic compound, of a bright 
yellow color, fusible at (l high temperature. It is obtained by passing sul- 
phuretted hydrogen gas through a solution of the sulphatej nitrate, or chloride. 



The salts of cadmium are thus distinguished:-^ 

Caustic alkalis give a white precipitate of hydrated oxide, insoluble in excess. 

Ammonia gives a similar White precipitate, readily soluble in excess. 
' The alkaline carbonates, and carbonate of ammonium, throw down white 
carbonate of cadniium, insoluble in excess of either precipitEuit. 

Sulphuretted hydrogen and sulphuret of ammonium precipitate the yellow 
tulphuret of cadmiimi. 

BISXITTH. 

Bismuth is found, chiefly in the metallic state, disseminated through an 
earthy matrix; from which it is separated by simple exposure to heat. The 
metal is highly crystalline, and very brittle ; it has a reddish-white color, and a 
density of 9*9. Cubic crystals, of great beauty, may be obtained by slowly 
cooling a considerable mass of this substance until solidification has commenced, 
and then piercing the crust, and pouring out the fluid residue. Bismuth melts 
at about 500®, and volatilizes at a high temperature ; it is little oxidized by the 
air, but bums when strongly heated with a bluish flame. Nitric acid, some- 
what diluted, dissdlves it freely* 

The equiyalept of bismuth is 70*96 ; its symbol is Bi. 

Oxide of bismuth, BiO.-^This is the base of all the salts. It i^a straw- 
yellow powder, obtained by gently igniting the subnitrate. It is fusible at a 
high temperature, and in that state acts towards siliceous matter as a powerful 
flux. 

PxBOxiDK or sufxboxidx of bismuth, BigOj. — ^The peroxide is a brown 
powder, obtained by boiling the above-described oxide with solution of hypo- 
chlorite of potash. (Bleaching liquid.) It is decomposed by hea.t, and does 
not unite with acids. 

NiTBATx OF BISMUTH, BlO, N0^3H0.— Whcu bismuth is dissolved in 
moderately strong nitric arad to ^turation, and the Whole left to cool, large, 
oolcHrless, transparent ciystals of the neutral nitrate are deposited. Water de- 
composes these crystals; an acid solution containing a littie bismuth is obtained, 
and a brilliant white crystalline powder is left, which is a subnitratef containing 
BiO, NO5-I-3KO, HOi A solution of nitrate of bismuth, flree from any great 
excess of acid, poured into a large quantity of cold water, yields an insoluble 
subnitrate, very similar in appearance to the above, but containing rather a 
smaller proportion of oxide of bismuth. This remarkable decomposition 
illustrates at once the basic property of water, and the feeble affinity of oxide 
of bismuth for acids, the nitric acid dividing itself between the two bases. The 
decomposition of a neutral salt by water is by no means an uncommon occur- 
rence in the history of the metals; a solution of chloride of antimony exhibits 
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the same phenemendn, certain salts of tnercuiyare affected in t^ similar man- 
ner, and other cases might perhaps be cited, less conspicuous, where the same 
change takes place to a smaller extent 

Subnitrate of bisnmth was once extensively employed as a ooAmetic, but is 
said to injure the skin, rendering it yellow and kather-like. It has been used 
in medicine. 

The other salts of bismuth present few points of interest 



Bismuth is abundantly chaxaeterized by the decomposition of the nitrate by 
water, and by the blackei^ing the subnilzate undergoes when exposed to the 
action of sulphuretted hydrogen gas. 

A mixture of 8 parts of Insmuth, 5 parts of lead, and three of tiii, is known 
under the nam6 of Jwibk mete^l, and is employed in taking impressions from 
dies, and for other purposes; it melt^ ,below 212°. Th^ discrepancies so fre- 
quently observed between the properties of alloys and^those of their cousti- 
ment metals^ plainly show that isudi substances must be looked upon as true 
chemical compounds, and not as mere mixtures; in the present cases the proof 
is complete, for the fuable metal has lately been obtained in crystals.* 

>■ J 

I 

URAKIUy. 

Thismetal is found in a few minerals, as pkchbUnde^ and wa$iiiUt of which 
the former is the most abundant It appears from the recent interesting re- 
searches of M. Peligot,t that the substance hitherto taken for metallic uranium., 
obtained by the action of hydrogen gas upon the black oxide, is not in reality 
the metal, but a protoxide, capable of uniting directly with acids, and, like 
the protoxide of manganese, ' not deobmposable by hydrogen at a red-heat 
The melal itself can be obtained only by the interventiou of potassium, ap- 
plied in the same manner as in the preparation of magnesium. It is de*- 
scribed as a black coherent powder, or a white malleable metal, ac<iording 
to the state of aggregation, not oxidized by air or water, but eminently com- 
bustible when exposed to heat It unites also with great vic^enoe with chlorine 
and with sulphur. M. Pehgot admits three distinct oxides of uranium 
bendes two other compounds of the metal and oxygen, which he designates 
as suboxides. 

The equivalent of uranitim is 60*. Its sjrmbol is U. ' 

Pkotoxisb or viLiirtuM. UO. — ^This is the ancient metal; it is prepared 
by several processes, one of which has been already mentioned. It is a brown 
powder, sometimes hi^ly crystalline. When in minute division it is pyro- 
phoric, taking fire in die air and burning to black ^xide; It forms with 
adds a series of green sidts. A corresponding chloride exists which forms 
dark green octahedral crystals, highly deliquescent and soluble in water. M. 
Peligot attributes a very extraordinary double function to this substance, 
namely, that of acting as a protoxide and forming salts with acids, and that 
of combining with chlorine or oxygen after the fashion of an elenientary body. 

DxiTTOXISE OF VRAKlUK; BLACK OXI9S. U^O^, Or 2UO-(-tJ20^.— The 
black oxide, formerly considered as protoxide, is produced When both' protr 
oxide and peroxide are strongly heated in the air, the former gaining, and 
the latter losing, a certain quantity of oxygen. It forms no salts, but is 
resolved by solution in acids into protoxide and p^oxide. 

Pbroxide of UBAiriux. XJjOg.— The peroxide is beet known and most 
important of the three ; it forms a number of extremely beautiful yellow salts. 

* Annalea.der Chemie nnd Pbannacie, xliv. p. 275. 
t Ann. Chim. et Phys<, 3d Series, ▼. p. & 
16 
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When canstic alkali is added to a solution or pemitrate of uranium, a yellow 
precipitate of faydrated oxide falls, which retains a portion of the precipitant 
The hydrate cannot be exposed to a heat sufficient to expel the water without 
a oommencement of decomposition. 

NiTRJLTX OF YEBOXIPX OT ITKAimTX. UjOg, NO5+6HO ; Or (Vfi^ 0, NO5 

4-6HO; U2O2 being the «upposed quasi metaL The pemitrate is the starting* 
point in the preparation cf all the compounds of utatiium; it may be pre* 
pared from pitchblende by dissolving the pulverized mineral in nitric acid, 
evaporating to dryness, adding water and filtering ; the liquid furnishes by 
due evaporation crystals of nitrate of uranium, which ^e purified by a repeti* 
tion of the process, and, lastly, dissolved in e^er. This latter solution yields 
the pure nitrate. 

Tl^e green salts of uranium are peroxidized by boiling with nitric acid. 



A yellow precipitate with caustic alkalis, convertible by heat into 4>)ack 
oxide; a brown precipitate with sulphuret of ammonium; and none at all 
with sulphuretted hydrogen gas, sufficiently characterize the salts of peroxide 
of uranium. A ablution suspectekl to contain protoxide, may be boiled with a 
little nitric acid, and then examined. 



The only application of uranium is that to enamel-pigment and the staining 
of glass; the deutoxide giving a fine black color, and the peroxide a delicate 
yellow. 

' -' COPPXljl. 

Copper is a metal of great value in the arts of life ; it sometimes occurs in 
the metallic state, crystallized in octahedrons, but is more abundant in the 
concKtion of red oxide, and in that of sulphuret combined with sulphuret of 
iron, or ydliow copper ore. Large quantities of the latter substance are an- 
nually obtained from the G>mish min^ and taken to South Wales for reduo* 
tion, which is, efiected by a somewhat complex process. The principle of 
this may, however, be easily made intelligible. The ore is roasted in a rever- 
beratory furnace, by which much of the sulphuret of iron is converted into 
oxide, while the sulphuret of copper remai^is unaltered. The product of this 
operation is then.stiongly heated with siliceous sand; the latter combines with 
the oxide of iron to a Ai8il)le.<2ag, and separates from the< heavier coppw- 
compound. When the iron ^has, by a repetition of these processes, been got 
rid of, t^e sulphuret of copper begins to decompose in the flame-furnace, 
losing its sulphur and absorbing oxygen ; the teijnperatare is then jraised suffi- 
ciently to reduce the oxide thus produced, by the aid of carbonaceous matter. 
The last part of the operE^tion consists in thrusting into the metted metal a 
pole of birch-wood, the object of which is probably 4d reduce a little remain- 
ing oxide by the combustible gases thus generated. 

G>pper has a well known yellowish-red colcwr, a specific gravity of 8*96, 
and is very malleable and ductile ; it is an excellent conductor of heat and 
electricity; it melts at a bright red heat, and seems to be a little volatile at a 
very high temperature. Copper undergoes no change in dry air ; exposed to 
a moist atmosphere, it becomes covered with a strongly-adherent green crust, 
consisting in a great measure of parbonate. ^Heated to redness in the air, it 
4s quickly oxidized, becoming covered with a black scale. Dilute sulphuric 
and hydrochloric acids scarcely act upon copper; boiling oil of vitriol attacks 
it wiih evolution of sulphurous acid ; nitric acid, even dilute, dissolves it 
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teadily. Two oxides are known which form salts ; a third, or superoxide, is 
said to exist. 

The equivalent of copper is 31*65; its symbol, Cu. 

Pbotoxiss of coppeb; black oxide. CuO.-^This is the base of the ordi- 
nary blue and green salts. It is prepared by'calcining metallic copper at a 
red heat, with full exposure to air, or more oonvenientiy, by heating to red- 
ness the nitrate, which suffers complete decomposition. When a salt of this 
oxide is mixed with caustic alkaili in excess^a bulky pale blue precipitate of 
hydrated oxide falls, which, when the whole is raised to the boiling point, 
becomes converted into a heavy dark brown powder ; this also is anhydrous 
oxide of copper, the hydrate suffering decomposition, even in contact with 
water. The oxide prepared at a high temperature is perfectly black and 
very dense ; it is soluble in acads, and forms a series of very important salts, 
being isomorphous With, magnesia. 

Suboxide of. coppeb ; bed oxide. Cu^O. — ^The suboxide may be obtained 
by heating in a covered crucible a mixture of 5 parts of black oxide tod 4 
parts of fine copper filings; or by adding grape-sugar to a solution of sulphate 
of copper, and then putting in an excess of caustic pOtash ; the blue solution, 
heated to ebullition, is reduced by the sugar, and deposits , suboxide. It often 
occurs in beautifully transparent ruby-red crystals, associated with odier orea 
of copper, and can be obtained in this state by artificial means. This sub- 
stance forms colorless salts, with acids, which are exceedingly unstable, and 
tend to absorb oxygen; The suboxide communicates to ^lass a magnificent 
red tint, 'While that given by the protoxide is green. 

SiTLPHATB OF COPPEB; BLUE TiTBiOL. CuO , SOj-^-SHO. — ^This bcautiful 
salt is prepared by dissolving oxide of copper in sulphuric acid, or, at less 
expense, by oxidizing the sulphuret. It ibrms lar^e blue crystals, soluble in 
4 parts of cold and 2 of boiling water ; by heat it is rendered anhydrous and 
nearly white, and by a very high temperature, decomposed. Sulphate of 
copper combines with the sulphates of potash a.nd of amnoonia, forming pale 
blue salts which contain 6 equivalents of water, and also with ammonia, gene- 
rating a remarkable compound of deep blue color, capable of crystallising. 

NiTBATE OF COPPEB. CuO , NOg-J-SHO. — ^Thc nitrate is easily made by 
dissolving the metal in nitric a6id ; it forms deep-blue crystals, very soluble 
and deliquescent It is highly corrosive. An ipsoluble subnitrate is known; 
it is green. Nitrate of copper also combines with ammonia. 

Cabboitatxs of coppeh. — When carbonate of soda is added in excess to a 
solution of sulphate of copper, the precipitate is at first pale blue and flocculent, 
but by warming it becomes sandy, and assumes a green tint ; in this state it 
contains GuO , COj-f-CuO , HO. This substance is prepared as a pigment 
The beautiful mineral malackUe^ has a similar composition. Another natural 
compound, not yet artificially imitated, occurs in large transparent crystals of 
the most intense blue; it contains 2CuO,C02-f-CuO,HO. Verditer, made by 
decomposing nitrate of copper by chalk, is said, however, to have a somewhat 
similar composition. 

Chlobide of coppeb. CuC1-|-2H0. — The chloride is most easily prepared 
by dissolving the black oxide in hydrochloric acid, and concentrating the 
green solution thence resulting. It forms green crystals, very soluble in water 
and in alcohol ; it colors the flame 6f the latter green. When gently heated, 
it parts with its water of crystallization and becomes yellowish brown ; at a 
high temperature it loses half its chlorine and becomes converted into the sub- 
chloride. The latter is k white fusible substance, but little soluble in water, 
and prone to oxidation ; it is formed ^^hen copper filings or copper leaf are 
put into chlorine gas. 

Absxvits of coppeb ; Scheele's obeeit. This is prepared by mixing sola- 
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tions of sulphate of copper and arsenite of potash ; it falls as a bright green 
insoluble powder. This conipound is chiefly interesting in relation to the de* 
tection of arsenic 



The characters of the proto-salts of copper are well marl^ed. 

Caustic potash gives a pale blue precipitate of hydrate, becoming blackish- 
brown on boiling. 

Ammonia also throws down the hydrate, but when in excess, re-dissolyes 
it, yielding an intense purplish-blue solution.' 

Carbonates of potash and soda give pale blue precipitates, insoluble in ex- 
cess. 

Carbonate of anuncmia, ^e same, but soluble with deep blue color. 

Ferrocyanide of potassium, gives a fine red-brown precipitate of ferrocyanide 
of copper. 

Sulphuretted hydrogen and solphuret of ammonium afford blade sulf^uret 
of copper. . 1 



. The alloys of copper are of great importanpe. BrasM ocnsists^ of copper 
alloyed with from 28 to 34 per cent of zinc ; the latter may be added directly 
to the melted copper, or granulated copper maybe heated with calamine and 
charcoal powder, as in the old process. GuMnetal^ a most trust>wortby and 
valuable alloy, consists of 90 parts copper and 10 tin. ' Btllwad gptcukim natal 
contain a still larger proportion of tii^ ; these are brittle, especially diat last- 
named. A good bronze lor statues is nuule of 91 parts, copper, 2 parts tin, 6 
parts zinc, and 1 part lead. The brofs of the ancients is ah alloy of copper 
with tin. 

XBAS. 

This abundant and useful metal is altc^ether obtained fron^ the native sul- 
phuret, or gaUruif no Qther lead ore being found in quantity. The reduction 
is eflected in a reverberatory furnace, into which the" crushed lead ore is in- 
troduced and roasted for some time at a dull red-heat, by which much of the 
sulphuret becomes changed by oxidation to sulphate. The contents of the 
furnace are then thoroughly mixed, and the temperature raised, when the sul- 
phate and sulphuret react upon each other, producing sulphurous acid and 
metallic lead.* 

Lead is a soft bluish metal, possessing very little elasticity; its specific 
gravity is 11-45. It may be easily rolled out into plates, or drawn into coarse 
wire, but has a very trifling degree of strength. Lead melts at 610° or a 
little above, and at a white heat boils and volatilizes. By slow cooling it may 
be obtained in octahedral crystals. In moist air this metal becomes coated 
with a film of gray matter, thought to be suboxide, and when exposed to the 
atmosphere in a melted state, it rapidly. absorbs oxygen. Dilute acids, with 
the exception of nitric, act but slowly upon lead. Chemists are fiimiliai: with 
four oxides of lead, only one of which possesses basic properties. 

The equivalent of l^ad is 103-56 j its symbol is Pb. 

Oxide of ( Lead- ——Free. 

* Balphate of ^ _ lead . . ( Oxygen „ SaJphurons acid. 

■ ( Sulphur 



lead • • • y Sulphuric ( Sulphur 
^C acid . . I S^Oxvgen 

Sulphuret of lead . . {lS15_I 




-Free. 
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Pbotoxids ; kithjlbss ; xjlbsicot. PbO. — ^Thls is thd product of the direct 
coddation of the metal. It is most oonyeziifflitly prepared by heating the car- 
bonate to dull redness; bommon litharge is impure pitotozide which has under- 
gone ' iusioa. Protoxide of lead has a delicate strai^-ydlow color, is very 
heavy, and slightly soluble in wat^, giving ,an alkaline liquid. At a red-heat 
* it melts, and tends to ciystalliza on cooling. In a melted state it attacks 
and dissolves siUceous matter with astonishing facility, often penetrating an 
earthen cruciUe in a few minutes. It is easily reduced when heated witb 
onganie substances of any kind containing carbon or hydrogen. Protoxide of 
lead forms a large dass of salts, which are colorless if the acid itself be not 
colored. 

RxB oxxnx ; iueb lbab. 1^304, or ^PbO-f-PbOj. — ^The composition of this 
substance is not very constant; it is prepared by exposihg for a long time to 
the air, at a very faint r^d heat, protoxide of load which has not been fused; 
it is a Imlliant red and extremely heavy powder, decomposed with evolution 
of oxygen by a strong heat, and converted into a mixture of protoxide and 
peroxide l)y acids. It is used as a cheap substitute for v&rmlHon. 

PxKoxiBB or LXAD : Yvcx OS BROWN oxisx. PbOj- — ^This compound is 
obtained without difficult bjr digesting red lead in dHutc nitric acid, when 
nitrate of protoxide is dissolved out and insoluble peroxide left behind in the 
form of a deep brown powder. The peroxide is decomposed by a ted heat, 
yielding up one*half of its oxygdn. Hydrochloric acid converts it into chlo- 
ride of lead with disengagement of chlorine ; hot oil of vitriol forms with it 
sulphate of lead, and liberates oxygen; and solution of ammonia gives nitrate 
of lead and water. The peroxide is very useful in separating sulphurous acid 
fronv certain gaseous mixtures^ sulphate of lead being then produced. 

SuBoxiBB OF iSAD. PbgO.*— When oxalate of lead i» heated to dull redness 
in a retort a' gray pulverulent substance is left^ which is resolved by acids 
into protoxide of lead iuid metal. It absorbs oxygen with great rapidity when 
heated, and eVen when simply moistened with water aud exposed t6 the air. 

NiTBAirx or LXAB. — ^PbO,NOj.— The nitrate maybe obtained by dissolving 
carbonate of lead in nitric acid, or by acting directly upon the metal by the 
same agent with the aid of heat ; it is, as abeady noticed, a by-pidduct in the 
preparation of the peroxide. It crystallizes in anhydrous octahedrons, which 
are usually milk* white and opaque: it dissolves in 7 J parts of cold water, 
and is decomposed by heat, yielding pure protoxide of lead, nitrous acid, and 
oxygen. When a solution of this- salt is boiled with an additional quantity 
of oxide, of lead, a portion of the latter is dissolved, and a basic, or subnitrate 
generated, whidi may be had in crystals. Carbonic acid separates this excess 
of oxide in the form of a white compound of carbonate and hydrate of lead. . 

Cakboitatx op LBUi; WHiTB XXAD. PbO,COjj.— Carbonate of lead is some* 
times found beautifully crystallized in long white needles, accompanying other 
metallic, ores. It may be . prepared artificially by precipitating a solution of 
the nitrate or acetate by an alkaline cerbonfeite; it is also manufactured to an 
immense extent by other means for the use of the painter. Pure carbonate 
of lead is a soft, whitd powder, of great specific gravity, insoluble in water, 
but easily disserved by dilute nitric or iEUietic acid., 

Of the many methods put in practice, or proposed, for making white lead, 
the two following are the most important and interesting: — One of these con- 
sists in fbrming subnitrate or subecetate of lead by boiling finely-powdered 
litharge with the neutral salt This solution is then brought into contact 
with carbonie acid gas; all the excess of oxide previously taken up by the 
neutral salt is at once precipitated as white lead. The solution strained or 
pressed from the later is again boiled with litharge, and treated with car- 
bonic acid, these processes being susceptible of indefinite repetition, when thei 
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little loss of neutral salt left in the precipitates, is eompensated. The second, 
and by lax the vaote ancient me^od, ie rather more complex, and at^ first 
sight not very intelligible. A great number of earthen jars are prepared, 
into each of which are poured a few ounces of crude^inegar ; a ooll or sheet 
lead is then introduced in such a manner that it shall neither touch the Vine- 
gar nOr project above the top of the jar. The vessels are next arranged in a 
large building, side by side, ujpon a layer of stable manure, or, still better, 
spent tan, and closely covered with boards. A second layer of tan is spread 
upon the top of the latter, and then a second series of x>ots ; these are in turn 
covered with boards and decomposing bark, and in this miumer a pile of 
many alternations is constructed. After the ktpse of a considerable time the 
pile is taken down and the sheets of lead removed and carefully unrolled; 
they are then found to be in great part converted into carbonate, which merely 
requires washing and grinding to be fit for use. - The theory of this curious 
process is generally explained by supposing the vapor of vinegar raised by 
the high temperature of the fermenting heat merely to act as. a carrier be- 
tween the carbonic acid, evolved from the tan, and the oxide of lead formed 
under the influence of the acid vapor, a neutral acetate, a subaoetate, and a 
carbonate being produced in succession, the Action gradual^ traveling from 
the surface inwards. The quantity of acetic acid used is, ifi relation to the 
lead, (|uite trifling, and cailnot directly contribute to the prbdudtion of car- 
bonate. A {ireference is still ^ven to the i»oduct of this old mode of manu- 
&cttire on account of its superiority of t}pacity, or body, over that obtained by 
precipitation. Commercial white lead, however prepared, always contains a 
certain proportion of hydrate. 

When dean metallic lead is put into pure water, and exposed to the atmo- 
sphere, a white, crystalline, scaly powder begins to show itself in a few hours, 
and very rapidly increases in quantity* This substance is due to the action 
of the carbonic acid dissolved in the water; it consists of carbonate in combina- 
tion with hydrate. When common river or spring wAter is substituted for 
the pure liquid* this eflfect is scarcely observable, the little su^hate, almost 
invariably present, causing the deposition of a very thin but closelyadherent 
film of sulphate of lead upon the surface of the metal, which protects it from 
further action. It is on this account that leaden cisterns cure used with im- 
punity, at least in most cases, for holding water ; if the latter were pure, it 
would be speedily contaminated with lead, and the cistern besoon destroyed. 
- CuLOBiBX or LXAB. — PbCl. — ^This «alt is prei)eured by mixing strong solu- 
tions of acetate of lead and- chloride of sodium ; or by dissolving litharge in 
boiling dilute hydrochloric acid, and setting aside the filtered solution to oooL 
Chloride of lead crystallizes in brilliant, colorless needles, which require 135 
parts of cold water for solution. It is anhydrous; it melts when heated, and 
solidifies on cooling to a horn-like substance. 

Iodise of lead. — Pbl. — ^The iodide of lead separates as a brilliant yellow 
precipitate when a soluble salt of lead is mixed with iodide of potassium. 
This compound dissolves in boiling water, yielding a co2or2es8. solution which 
deposits the iodide on cooling in splendid golden-yellow scales. 



Tlie soluble salts of lead thus behave with re-agents :— 
Caustic x>otash and soda precipitate a white hydrate, freely soluble in ex- 
cess. 
: Ammonia gives a similar white precipitate, not soluble in excess.* 

• Ammonia gives no immediate precipitate with the acetate. 
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The carbonates of potash, soda, and ammonia precipitate carbonate of lead, 
insoluble in excess. 

Sulphuric acid, or a sulphate, causes a white predpitate of sulphate of lead 
insoluble in nitric acid. 

Sulphuretted hydrogen and sulphuret of ammonium thrpw down black sul- 
phuret of lead. 



An alloy of 2 parts of lead and 1 c^ tin constitutes plumber^ toUdar; these 
proportions reversed give a more fusible compound called fim tolder. The 
lead employed in the manufiuiture of shot is combined with a little arsenic. 

csiiiux ASB lunrrAKux. 

The oxides of these very rare metals are found associated in the Swedish 
mineral eerite; the properties of the metals themselves may be said to be 
almost unknown. ' M. Vauquelin succeeded in obtaining what was supposed 
to be metallic cerium, in the fbrnji of minute buttons or globules of a hard 
brittle white metal, which resisted the actipn of nitric acid, but was attacked 
by aqua regia. Lantanum. is of more recent discovery, the oxide having, it 
seems, been confounded with that of cerium. 

The equivalent of cerium has been represented by the number 45*98 ; its 
symbol is Qe. . y ' 

Two oxides of cerimn have been described, viz* : the protoxide, CeO, a white 
insoluble powder having strongly basic properties, and a teMqmoxidei CgO^, 
w^hich has a fawn-red color, and is feebly basib. There are two correspond' 
ing chlorides, and a sulphuret 

The oxide of lantanum has a red color, but forms a white hydrate ; its 
basic x>owers are very energetic. 

Mosander has quite recently announced the ^scovery in ttie ore of cerium 
of a third metal, to which he gives the name of didym or didymium. The his- 
tory of all three substances is yet very imperfect and incomplete.* 

•See PhU. Mag., October, 1843. 
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SECTION V. 

OXIDABLE METALS PROPER, WHOSE OXIDES FORM WEAK 

BASES OR ACIDS. 

» I I I I I H li H » 

I 

tBROXIUlC. 

Chsoxiux is found in the state of oxide, in combination with oxide of 
iron, in some abundance in the Shetland Iskuods, and elsewhere ; as cbiomate 
of lead, it constitutes a very beautiful mineral, from which it was first ob- 
tained. The metal itself is got in a half-fused condition by mixing the oxide 
with ^th of its weight of charcoal powder, enclosing the mixture in a crucible 
lined with charcoal, and then subjecting it to the very highest heat of a power- 
ful furnace. It is hard, grayish-white, and brittle; of 5*9 specific gravity, 
and exceedingly difficult of fusion. Chromium is but little oxidable, being 
scarcely attacked by the most powerful acids; it forms two compounds with' 
oxygen. 

The equivalent of chromium is 28*14; its symbol is Cr. 

OxiDX OF GHKOxiirx. Cr^O,. — ^When chromate of mercury, prepared by 
mixing solutions of subnitrate of mercury and of chronute or bichromate of 
potash, is exposed to a red heat, it is decomposed, pure oxide of chromium, 
haviug a fine green color, remaining In this the oxide is, like alumina 
afler ignition, insoluble in acids. The hydrate may be had by boiling a some- 
what dilute solution of bichromate of potash, stroo^y acidulated by hydro- 
chloric acid, with small successive portions of sugar; carbonic acid escapes, 
and the chromic acid of the salt becomes converted into chloride of chromium, 
the color of the liquid changing from red to deep green. A slight excess of 
ammonia precipitates the hydrate from this solution. It has a pale purplish- 
green color, which becomes full green on ignition. Anhydrous oxide in a 
beautifully crystalline condition may be prepared by beating to full redness, 
in an earthen crucible, bichromate of potash. One-half of the acid sufiers 
decomposition, oxygen being disengaged, and oxide of chromium left. The 
melted mass is then treated with water, which dissolves out neutral ^chromate 
of potash, and the oxide is, lastly, washed and dried. Oxide of chromium 
communicates a fine green tint to glass, and is used in enamel-painting. 

The oxide of chromium is a feeble base, resembling, and isomorphous with, 
peroxide of inm and alumina; the salts it ibrms have a green or purple color, 
and are said to be poiscmous. 

Sulphate of chbokittx is readily obtained by dissolving the hydrated oxide 
in sulphuric acid. It unites with the sulphates of potash and of ammonia, 
giving rise to magnificent salts, which dystallize in regular octahedrons of a 
deep claret*color, and have a constitution resembling that of conunon alum, 
the alumina being replaced by oxide of chromium. There is some little difii- 
culty in preparing chromiura-aluih, as the solution cannot be heated to any 
extent without decomposition; the color changes to green, and sulphate of 
potash crystallizes out. 

CHLomiDX OF CHMOMiux. Cr^Cl,. — This is prepared either by passing 
chlorine over a mixture of oxide of chromium and charcoal, heated to red- 
ness in a porcelain tube, or by evaporating to dryness, the solution of hy- 
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drated oxide of chromium in hydrochloric acid, and exposing the residne to 
moderate heat. It is a slightly volatile, peach^blossom colored, crystalline 
substance, soluble with difficult in water, giving a green solution, which, 
when evaporated to dryness, leaves a green powder containing 3 equiv^ents 
of water. 



The salts of the oxide of chromium are easily recognized. 

Caustic alkalis precipitate t^e hydrated oxide, easily soluble in excess. 

Ammonia, the same, bat nearly insoluble. 

. Carbonates of potash, soda, and ammonia throw down a green precipitatd 
of carbonate and hydrate, slightly soluble in a large excess. 

Sulphuretted hydrogen causes no change. 

Sulphuret of ammonium precipitates the hydrate of the oxide; 

Chbomic acid. CrOj. — Whenever oxide of chromium is strongly heated 
with an alkali, in contact with air. oxygen is absorbed and chromic acid 
generated. Chromic uo^d may be obtained rUarly pure, and in a state of 
great beauty, by the ibllowing simple pnicess : — 100 measures of a cold sam- 
rated solution of bichromate of potash are mixed with 150 measures of oil of 
vitriol, and the whole suffered to cool ; the chromic acid crystallizes in bril- 
liant crimson-red prisms. The mother-liquor is poured off, and the crystals 
placed upon a tile to drain, being closely covered by a glass or bell jar.* 
Chromic acid is very deliquescent and soluble in water ; the solution is in- 
stantly reduced by contact with organic matter. 

Chromate ofpoiath, KO, CrOg.— This is the source of all the preparations 
of chromium ; it is made directly from the native ckromMnyn ore, which is a 
compound of the oxide of chromium and protoxide of iron, analogous to mag* 
netic iron ofe^ by calcination with nitre or with carbonate of potash, the stone 
being reduced to powder, and heated for a long time with the alkali in a re- 
verberatory furnace. The product, when treated with water, yields a yellow 
solution, which by evaporation deposits anhydrous crystals of the same color, 
isomorphous with sulphate of potash. Chromate of potash has a -cool, bitter, 
and disagreeable taste, and dissolves in 2 parts of wat^ at 60^. 

Bichromate of potash, EO, 2CrO,. — ^When sulphuric acid is added to the 
preceding salt in moderate quantity, one-half of the- base is removed, and 
the neutral chromate converted into bichromate. The. new salt, of which im- 
mense quantities are manu&ctured fbr use in the arts, crystallizes by slow 
evaporation in beautiful red tabular crystals, derived ttom an oblique rhombic 
prism. It melts when heated, and is soluble in 10 parts of water, and the 
solution has an acid reaction. 

Chromate of lead, PbO, CrOg. — On mixing solution of chromate or bichro- 
mate of potash with nitrate of acetate at lead, a brilliant yellow precipitate 
falls, which is the compound in question ; it is the chromerydhwof the painter. 
When this compound is boiled with lime-water, one-half of the acid is with- 
drawn and a jsubchromate of an orange-red color left. The subchromate is. 
also formed by adding chromate of lead to fused nitre, and af^warda dis- 
solving otit the soluble salts by water ; the product ia crystalline, and rivals 
vermilion in beauty of tint. The yellow and orange chrome colois are fixed 
upon cloth by the alternate applicati(»Q of the two solutions, and in the latt^' 
case by- passing the dyed stuff through a bath of boiling lime-water. 

Chromate of sihfer, AgO, Cr03.-«-This salt precipitates as a reddish-brpwn 
powder when solutions of chromate of potash and nitrate of silver are mixed. 
It dissolves in hot dilute nitric acid, and separates on cooling, in small rubyi* 

* Mr. Warin j^n ; Proceedings of Chem. Soc., i. p. 18. 



red platjr crystals. The ehroinates of baryta, zinc, and mercury are insoluble; 
the first three are yellow, the last is brick-^ed. 



A salt of chromic acid is at once recognized by its behavior with solutions 
of baryta and lead; and also by its color, and capability of furnishing, by de- 
oxidation, the green oxide of chromium. 



Cblobo-cskomic acid. CrQj-f-Cl. — 3 parts of bichromate of potash and 
3^ parts of common salt are intimately mixed and introduced into a small 
glass retort ; 9 parts of oil of vitriol are then added, and heat applied as long 
as dense red vapors arise. The product is a heavy deep-red liquid resem- 
Uing bromine; it is decomposed by water, with production of chromic and 
hydrochioric acids. ' 

TIF. 

This valuable metal octnirs in the state of oxide, and more rarely as sul- 
phuret; the^principal tin-mines are those of the Ertzgebirge in Saxony and 
Bohemia, Malaocci, and more especially Cornwall. In Cornwall the tin-stone 
is found' as a constituent of metal-bearing veins, associated with copper ore, 
in granite and slate rocks; and as an alluvial deposit, mixed with rounded 
pebbles, in the beds of several small rivers. The first variety is called mine- 
and the second ttream-Hn, Oxide of tin is also found disseminated through 
the rock itself in small cr]fistals. 

To prepare the ore for reduction, it is stamped to powder, washed, to sepa^ 
nlte as much as possible of the earthy matter, and roasted to expel sulphur 
and arsenic ; it is then strongly heated with coal, and the metal thus obtained 
cast into large blocks, which, after being assayed, receive the stamp of the 
Duchy. Two varieties of commercial tin are known, called ^atn and bar^ini 
the first is the best ; it is prepared from the stream ore. 

Pure tin has a white color, approaching to that of silver: it is soft and mal- 
leable, and when beat or twisted emits a peculiar crackling sound ^ it has a 
density of 7*3 and melts at 442^ F. Tin is but little acted upon by air and 
water, even conjointly ; when heated above its melting point, it oxidizes ra- 
pidly, becoming converted into a whitish powder, used in the arts for polish- 
ing, under the name ^f putty powder. The metal is easily attacked and dis- 
solved by hydrochloric acid, with evolution of hydrogen : nitric acid acts with 
great energy, converting it into a white hydrate of the peroxide. There are 
two well-marked oxides of tin, which act as feeble bases or acids, according 
to circumstances, and a third, which has been less studied. 

The equivalei^t of tin is 68*82 ; its symbol is Sn. 

Pbotoxidx of Tiir. SnO. — ^When solution of protochloride of tin is mixed 
with carbonate of potash, a white hydrate of the protoxide Mis, the carbonic 
acid being at the same time extricated. When this is carefully washed, dried, 
and heated in an atmosphere of carbonic acid, it loses water and changes to 
a dense black pwder, whidch is permanent in the air, but take9 fire on the 
approach of a red-hot body, and burns liite tinder, producing peroxide. The 
hydrate is freely soluble in caustic potash ; the solution decomposes by keep- 
ing into metallic tin and peroxide. 

SE8q.iTioxiDx OP Tiir. SujOj.— The sesquioxide is produced by the action 
of hydrated peroxide of iron upon protochloride of tin ; it is a grayish, slimy 
substance^ soluble in hydrochloric acid and in ammonia. This oxide has been 
but little examined. 



PxBoxiDK ov Ti3r. SnOj. — ^This substanoe is obtained in two difleient 
Slates, having properties altogether dissimilar. When perchloride of tin is 
precipitated by an alkali, a white bulky hydrate appecirs, which is freely 
soluble in acids. If, on the other hand, tlie bichloride be boiled with excess 
of nitric acid, or if that acid be made to act directly on metallic tin, a white 
substance is produced, which refuses altogetheif to dissolve in acids^ and pos- 
sesses properties differing in other respects from those of the first modification. 
Both these varieties of peroxide of tin havd the same composition, and when 
ignited, leave the pure peroxide of a pale lemon-yellow tint Both dissolve 
in caustic alkali, and are precipitated with unchanged properties by an acid. 
The two hydrates redden litmus paper. 

Pbotqchlobid^ of Tiir. SnCI. — ^The protochloride is easily made by dis- 
solving metallic tin in hot hydrochloric acid. It crystallizes in needles 
containing 3 equivalents of water, which are freely soluble in a small quan- 
tity of the liquid, but are apt to be decomposed in part when put into a large 
mass, unless hydrochloric acid in excess be present The anhydrous chloride 
may be obtained by distilling a mixture of calomel and powdered tin, pre- 
pared by agitating ^e melted metal in a wooden box until it solidifies. The 
chloride is a gray, resinous-looking substance, fusible below redness, and 
▼olatile at a high temperature. Solution of protochloride of tin is employed 
as a de-oxidizing agent; it reduces the salts of mercury and other metals of 
the same class. 

Pbbchlokidx, or bichlobide or Tiir. SnCl^. — ^This is an old and very 
curious compound, formerly called /iimtn^ Hquor of Ubavvut, It is made by 
exposing metallic tin to the action of chlorine, or more conveniently, by dis- 
tilling a mixture of 1 part of powdered tin, and 5 parts of corrosive sublimate. 
The bichloride is a thin, colorless, mobile liquid ; it boils at 248^, and yields 
a Colorless invisible vapor. It fiimes in the air, and when mixed with a 
third part of water, solidifies to a crystalline mass. The solution of bichloride 
is much employed by the dyer as a mordant ^ it is commonly prepared by 
dissolving metallic tin in a mixture of hydrochloric and nitric acids, care 
being taken to avoid too great elevation of temperature. 

SvLPHVBXTS or Tisr. Pwtomlphura^ SnS, is prepared by fusing tin wiA 
excess of sulphur, and strongly heating the product It is a lead-gray, brittle 
substance, fusible by a red heat, and soluble with evolution of sulphuretted 
hydrc^en in hot hydrochloric acid. A sesquimlphuret may be formed by 
gently heating the above oomx)ound with a third of its weight of sulphur } it 
is yellowish-gray and easily decomposed by heat Bimlpfmretf SnS^ or 
Mosaic gold, is prepared by exposing to a low red heat, in a glass flask, a 
mixture of 12 parts of tin, 6 of mercury, 6 of sal-cunmoniac, and 7 of flowers 
of sulphur. Sal-ammoniac, cinnabar, and protochloride of tin sublime, while 
the bisulpburet remains at the bottom of the vessel in the form of brilliant 
gold-colored scales ; it is used as a substitute for gold-powder. 

Salts of tin are thus distinguished : — 

protoxide. 

Caustic alkalift ; white hydrate, soluble in excess. 
Ammmiia; carbonates of ^ 

potash, soda, and am; > White hydrate^ insoluble in excess. 

monia ) 

iS&":^^SSm iBlaclcpredpitateofprou^ulphuret. 
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Ptroxidi, 

Caustic alkalis; white hydrate, soluble in excess. 
Ammonia; white hydrate, slightly soluble in excess. 
Alkaline carbonates ; white hydrate, slightly soluble in excess. 
Carbonate of ammonia; white hydrate, insoluble. 
Sulphuretted hydrogen; yellow precipitate of sulphuret 
Sulphuret of ammonium ; the same, soluble in excess. 

Chloride of gold, added to a dilute solution of protochloride of tin, gives 
rise to a brownish-purple precipitate, called purpl^ of Ccusiut, very character- 
istic, whose nature is not thoroughiy^imderstood; it is supposed to be a com- 
bination of oxide of gold and sesquioxide of tin, in which the latter acts as an 
acid, or AuO , SngO,. Heat resolves it into a mixture of metallic gold and 
peroxide of tin. Purple of Cassius is employed in enamel-painting. 



The useful appljpitions of tin are very numerous. Tinned plcUe counts 
of iron superficially alloyed with this metal; pewter^ of the best kind, is 
chiefly tiii, hardened by the admixture of a little antimony, &c. Cooking 
vessels of copper are usually tinned in the interior. 

Tungsten is found in the mineral wolfram^ tolerably abundant in Cornwall ; 
a native tungstate of lime is also occasionally met with. Metallic tungsten 
is obtained in the state of a dark gray powder, by strongly heating tungstic 
acid in a stream of hydrogen, but requires for fusion an exceedingly high 
temperature. It is a white metal, very hard and brittle ; it has a density of 
17*4. Heated to redness in the air, it takes fire, and reproduces tungstic 
acid. 
. The equivalent of tungsten is 94'64 ; its symbol is W. (wolframium.) 

Oxiox or TUiresTsjr. WO^-~This is most easily prepared by exposing 
laagstic acid to hydrogen, at a temperature which does not exceed dull red- 
ness. It is a brown powder, sometimes assumibg a ory^talline appearance 
and an imperfect metallic lustre. It takes fire when heated in the air, and 
burns, like the metal itself, to tungstic acid. The oxide forms no salts widi 
acids. 

■ TuHosTic JlCID. W03.-~When tungstate of lime can be obtained, simple 
digestion in hot nitric acid is sufficient to remove the base, and liberate the 
tungstic acid in a state of tolerable purity ; its extraction from wolfram^ which 
contains tungstic acid or oxide of tungsten in association with the oxides of 
iron and manganese, is more difficult. Tungstic acid is a yellow powder, 
insoluble in water, and fireely dissolved by caustic alkalis. When strongly 
ignited in the open air, it assumes a greenish tint. 

Two chlorides and two sulphurets' of tungsten are'lmown to exist 

xotTBDisrvx. 

Metallic molybdenam is obtained by exposing molybdic acid in a charcoal- 
lined crucible, to the most intense heat that can be obtained. It is a white, 
brittle, aiid exceedingly infusible metal, having a d^islty of 8*6, and oxidizing, 
when heated in the air, to molybdic acid. 

The equivalent of molybdenum is 47*88^ its symbol is Mo. 

Protoxidx of voLTBDXiriTM. MoO. — ^Molybdate of potash is mixed with 
excess of hydrochloric acid, by which the molybdic acid first precipitated is 
re-dissolved; into this acid solution zinc is put; a mixture of chloride of zinc 



and piotochloride of molybdeouin results. A laige quantity of caustic potash 
is then added, which precipitates a black hydrate of the protoxide of molyb- 
denum, and retains in solution the oxide of ^inc. The freshly precipitated 
protoxide isjsoluble in acids, and in carbonate ojT ammonia; when heated ia 
the air, it bums to binoxide. 

BuroxioB Of ]iox.TBni]n7x. MoO^.— This is obtained in the anhydrous con- 
dition by heating molybdate of soda with sal-ammoniac, the molybdic add 
being reduced to binoxide by the hydrogen of the anunoniacal salt; or, in a 
hydrated condition, by digesting metallic copper in a solution of molybdio 
acid, until the liquid assumes a red color, and then adding a large excess of 
ammonia. The anhydrous binoxide is deep brown, and insoluble in acids, 
the hydrate resembles hydrate of the peroxide of iron, and dissolves in acids, 
yielding red solutions. It is converted into molybdic acid by strong nitric 
add, 

MoLTBBic JlCib, MoOg.— The native sulphuret of molybdenum is roasted, 
at a red heat, in an open vessel, and the impure molybdic add thence result* 
ing dissolved in anunonia. The filtered solution is evaporated to dryness, the 
salt taken up by water, and purified by crystEdlization. It is, lastly, decora- 
posed by heat, and the ammonia expelled. JVfolybdic acid is a yellow pow- 
der, fusible at a red heat, and slightly soluble in water. It is dissolved with 
ease by the alkalis. Three chlorides, and as many sulphurets of molybde- 
num, are described. 

Vanadium is found, in small-^ quantity, in one of the Swedish iron ores, and 
also as vanadiate of lead. The most successful process foi obtaining the 
metal is s^d to be the foUov^ing: — ThQ liquid chloride of vanadium is intn> 
dttced into a ball, blown in a glass tube, and dry aom^ioniacal gas passed over 
it; the latter is absorbed, and a white saline mass produced. When this is 
heated by the fia^ne of a spirit-lamp, hydroohlorate of ammonia is volatilized, 
and metallic vanadium left behind.* It is a white, brittle substance, with 
perfect metallic lustre, and a very high degree of infusibility; it is neither 
oxidized by air or water, nor attacked by sulphuric, hydrochloric or even hy- 
droflaoric acid ; aqua regia dissolves it, yielding a deep blue soliition. 

The equivalent Of vanadium is 68*55; its symbol is V. 

pROToxiDB OF TAiTADiiTX. VO. — ^This Is prepared by heating vanadic add 
in contact with charcoal or hydrogen ; it has a black color, and imperfect 
metallic lustre, conducts electricity, and is very infusible. Heated in the air, 
it boms to binoxide. Nitric add produces the same efiect, a blue nittate of 
the binoxide being generated. It does not form salts. 

BiKoxiDE OP VAifABitTiit. VOj. — ^Thc binoxide is obtained by heatiiig a mix* 
tore of 10 parts protoxide bf vanadium, and 12 of vanadic acid, in a ves- 
sel filled with carbonic acid ^ ; or by adding a slight excess of carbonate of 
*odsL to a salt of the binoxide; in the latter case it fiiUs as a grayish-white 
hydrate, readily becoming brown, by absorption of oxygen. The anhydrous 
oxide is a black insoluble powder, convertible by heat an^ air into vanadio 
^id. It forms a series of blue salts, which have a tendency to become green, 
*^d ultimately red, by the production of vanadic acid. Binoxide of vana- 
dium also unites with alkalis. 

Vakadic acid. VO3.— The native vanadiate of lead is dissolved in nitiio 
^d, and the lead and arsenic predpitated by sulphuretted hydrogen, which 
at the same time reduces the vanacUc acid to binoxide of vanadium. The 
blue filtered solution is then evaporated to dryness, and the residue digested 

* Tttrner*s Chemistry, p. 639. 
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in amnionia, which dissolves out the vanadic acid reproduced during evapora* 
tion. Into this solution a lump of sal-ammoniaC is put; asth^t salt dissolves, 
vanadiate of ammonia subsides as a white powder, beng scarcely soluble in 
a saturated solution of hydrochlorate of ammonia. ^By exposure to a tern* 
pemture below redness in an open ^rucible, the ammonia is expelled, and 
vanadic acid left. It has p, dark red colour, and melts^even below a red-heat: 
water dissolves it sparingly, and acids with greater ease; the solutions easily 
suffer de-oxidation. It unites with bases forming a series of red or yellow 
salts of which those of the alkalis are soluble in water.' 

Chlobidis or vastadiux — ^The bichhride is prepared by digesting vanadic 
acid in hydrochloric acid, passing a stream of sulphuretted hydrojgen and 
evaporating the whole to dryness. A brown residue is left, which yields a 
blue solution with water and an insoluble subsalL The terchhride is a yellow 
liquid obtained by passing chlorine over a mixture of protoxide of vana« 
dium and charcoal. It is converted by water into hydrochloric and vanadic 
acids. 

Two sulphurets, corresponding to the chlorides, exist 

eOLUMBIUK OE TAITTALITK. 

This is an exceedingly rare substance ; it is found in the minerals tantaXUt 
and ytlrxhtomtalittf and may be obtained pure by heating with potassium the 
double fluoride of columbium and potassium. It is a gray metal, but little 
ajcted on by the (ordinary acids, and burning to columbic acid when^ heated in 
the air, or when fused with hydrate of potash. 

The equivalent of columbium is 184*59 ; its symbol is T (tantalum). 

BiiroxiBE OF COLUMBIUM. TO2. — ^Wbcu columbic acid is heated to white- 
ness in a crucible lined with charcoal, the greater part is converted into this 
substance. It is a dark brown powder, insoluble in apids, and easily changed 
by oxidation to columbic acid. 

CoLUMB ic Jlcid. TOg. — ^Thc powdered ore is fused with tliree or four times 
its weight of carbonate of potash and the pooduct digested With water ; from 
Hiis solution acids jirecipitate a white hydrate of the body in question. It is 
soluble in acids, but forms with them no definite compounds ; with alktUis it 
yields, on the oontrary^^crystallizable salts. 

TITAiriXTM. 

.Crystallized oxide of titanium is found in nature in the forms of ^amfe and 
fmatoM, The metal itself is met with occasionally in the slag adherent to the 
bottom of blas^fumaces in which iron ore is reduced, as small brilliant cop- 
per-colored cubes, hard enough to scratch glass, and in the highest degree 
infusible. They resist the action of acids but are oxidized when heated with 
nitre. Metallic titanium in a finely-divided state may be obtained by artificial 
means. There are. two compounds of this substance with oxygen, viz: aa 
oxide and an acid ; very little is known respecting the fornier. 

The equivalentof titanium is 24*29 ; its symbol is Ti. 

Tit ABIC ACID.* TiOj. — ^Titanite, or titaniferous. iron ore, is reduced to fine 
powder and fused with three parts of carbonate of potash ; the product is 
washed with water to remove all soluble matter, and the residue dissolved in 
Strong hydrochloric acid. On dilution with water and boiling^ titanic acid 
is precipitated. When pure, the acid is quite white ; it is, when recentiy pre- 
cipitated, soluble in acids^ but the solutions are decomposed by mere boiling. 
After ignition it is no longer soluble. Titanic acid on the whole very much 
resembles silica, and is probably often overlooked and confounded with that 
substance in analytical researches. 
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BiCHiomiDX or TiTAVjuic^This is a colorless, yoUtile liquid, Tosembling 
bichloride of tin ; it is obtained by passing chlorine over a mixture of titanic 
acid and charcoal at a high temperature. It unites very violently with water. 

▲KTIMOirT. 

This important metal is fimnd chiefly in the state of sulphuret The ore 
is freed by fusion from earthy impurities, and is afterwards decomposed by 
heating with metallic iron or carbonate of potash, which retains the sulphur. 
Antimcmy has a bluish- white color and strong lustre; it is extremely brittle, 
being reduced to powder with the utmost ease. Its specific gravity is 6*8 ; it 
melts at a temperature just short pf redness, and boils and volatilizes at a 
white heat This metal has always a distinct crystalline, platy structure, but 
by particular management it may be obtained in crystals, which are rhombo* 
hedraL Antimony is not oxidized by the air at oonmion temperatures; 
strongly heated, it bums with a white flame, producing oxide, which is often 
deposited in beautiful crystals. It is dissolved by hot-hydrochloric acid, with 
evolution of hydrogen and production of chloride. Nitric acid oxidizes it to 
antimonic acid^ which is insoluble in that menstruum. There are three com- 
pobnds of antimony and oxygen ; the first has doubtful basic properties, the 
two others are adds. 

The equivalent of antimony is 129*04. Its symbol is Sb (stibium). 

Oxmx ov AirTiMoirT. SbOg. — ^This compound may be prepared by several 
methods; as by burning Inetallic antimony at the bottom of a large red-hot 
crucible, in which case it is obtained in brilliant ciystals; or by pouring solu- 
tion of chloride of antimony into water, and digesting the resulting precipitate 
with a solution of carbonate of soda. Hie oxide thus produced is anhydrous; 
it is a pale buff-oolored powder, fusible at a red heat, and volatile in a close 
Vessel, but in contact with air it, at a high temperature, absorbs oxygen and 
becomes changed to antimonious aoid. When boiled with cream of tartar 
(add tartrate of potash,) it is dissolved, and the solution yields on evaporatioii 
crystals of tartar-aneiicy which is almost the only compound- of oxide of anti* 
mony with an acid which bears admixture with water without decompositicHi. 
An impure oxide for this purpose is sometimes prepared by carefully roasting 
the powdered sulphuzet in a reverberatory furnace, and raising the heat at the 
end of the process so as to fuse the product ; it has long been known under 
the name of gkus of aniimony, 

AnTiHoirious ACID. SbO^. — ^This is the ultimate product of the oxidatioh 
of the metal by heat and air ; it is a grayish-white powder, infusible, and 
destitute of volatility; it is insoluble ih water and in acids, except when re- 
cently precipitated. It combines with alkalis yielding solutions from which 
adds predpitate the hydrate ; the latter reddens litmus-paper. 

AiTTiMoiriG ACID. SbOg. — ^When strong nitric add is made to act upon 
metallic antimony, the metal is oxidized to its highest point, and antimonic 
acid produced, wldch is insoluble. By exposure to a heat short of redness it 
is Irendered anhydrous, and then presents the appearance of a pale straw- 
colored powder, insoluble in water and adds, but dissolving in alkalis, with 
which it forms definite compounds. These latter when in solution are de* 
composed by acids, a white hydrate of antimonic add being predpitated.^ 
Antimonic acid is decomposed by a red heat, yielding antimonious acid, with 
loss of oxygen. 

Tbbcsxabiiix or AHTixoifT; Btrrrxa of AVTivoirT. SbCl3.-^-This sub- 
stance is produced when sulphuretted hydrogen is prepared by the action of 
strong hydrochloric add on sulphuret of antimony. The impure and highly 
acid Boluti<Mi thus obtained is put into a retort and distilled until each drop of 
the condensed product, on falling into the aqueous liquid of the reodvw» pro* 
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duces a copiooQ white precipitate. The receiver is then changed and the distil- 
lation continued. Pure chloride of antimony passes over and solidifies on 
cooling to a white and highly crystalline mass, from which the air requires to 
be carefully excluded. The same compound is formed by distilling metallic 
antimony in powder with 2 J times its weight of corrosive sublimate. Chlo- 
ride of antimony is very deliquescent; it dissolves in strong hydrochloric acid 
without decomposition, and the solution, poured into water gives rise to a 
white bulky precipitate, which after a shdrt time beocwnes highly crystalline, 
and assumes a pale £iwn color. This is the oULpoteikr of Mgarath; it is 
a compound of chloride and^oxide of antimony. Alkaline solutions extract 
the chloride and leave oxide of antimony. Finely-powdered antimony thrown 
into chlorine gas, inflames. 

A chloride of antimony, ocHrreeponding to antimonic acid, is formed by 
passing a streaon of chlorine gas over gently heated metallic antimony: a 
mixture of ^e two chlorides results, which may be separated l^ distillation. 
The pentackhfiiU is a colorless volatile liquid, which forms a crystalline com- 
pound with a small portion of water, but is decon^posed by a larger quantity 
into antimotiic and ^ychofdilcffic acids. 

SuLPHiTBST or AVTOf oht; oauDs AMrrimojrT. SbS^.^—The native sulphuret 
iiB a lead gray, brittle substance, having a radiated,. crystalline texture, and is 
easily fusible. It may be prepared artificially by melting together antimony 
and sulphur. When a solution of tartar-emetic is precipitated by sidphuretted 
hydrogen, a brick red precipitate falls, which is the same substanee combined 
with a little water. If the precipitate be dried and gently heated, the water 
may be expelled without other change of color than, a little darkening, but 
at a higher temperature it assumes the color and aspect of the native sul- 
phuret This remarkable change probably indicates a passage from the 
amorphous to the crystalline condition. 

When powdered sidphuret of antimony is boiled In a solution of caustic 
potash it is dissolved, oxide of antimony and sulphuret of potassium being 
produced. The^ latter unites, with an additional quantity of sulphuret of anti- 
mony, to form a soluble sulphur salt, in which the sulphuret of potassium is 
the sulphiur-base, and the sulphuret of antimony the sulphur-acid. 

C 3 eq. potassium i 3 eq. sulphuret of 

3 eq. potash < ^ \ potassium. 

r 3 eq, oxygen,-^..^^^ 
Sulphuret of j 3 eq. sulphur .^^^^"''^^■**—.»^,^^^^ 

antimony ( 1 eq. antimony * "^ "l eq. oxide of anti- 
mony. 

The oxide of antimony separates in small crystals from the boUihg solution 
when the latter is concentrated, and, the sulphur-salt dissolves an extra pro- 
portion of sulphuret of antimony, which it again deposits on cooling as a red 
amorphous powder, containing a small admixture of oxide of antimony and 
sulphuret of potassium. This is the herma fmner<fl of the old chemists. The 
filtered solution mixed with an acid givers a salt of potash, suphuretted hydro- 
gen, and precipitated sulphuret of antimony. Kermes may also be made by 
fusing a mixture.of 5 parts sulphuret of antimony and 3 of dry carbonate of 
loda, .boiling the mass -^ 80 parts of water, and filtering while hot ; the 
compound separates on cooling. 

A petftaudphuret of amtmumy^ SbS^, formerly called nt^hmr auratumf also 
exists; it is a sulphur^acid. 18 parts finely-powdered sulphuret of antimony, 
17 parts dry carbonate of soda, 13 parts . lime in the state of hydrate, and it 
parts sulphur, are boiled for some hours in a quantity of water ;. carbonate of 
lime, aoUmoxuate of soda, pentasulphuset of antimony and sulphuret of sodium 
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are produced. The first is insoluble, and the second partially so j the two 
last-named bodies, oh the contrary, unite to a soluble sulphur-salt, which may 
by evaporation be obtained in beautiful crystals. A solution of this substance, 
mixed with dilute sulphuric acid, furnishes sulphate of soda, sulphuretted 
hydrogen, and pentastilphuret of antiniony, which falls as a golden-yellow 
flooeulent precipitate.* 

A dompotmd of antimohy and hydrogen exists, but has not been isolated ! 
when zinc is put into a solution of oxide of antimony, and sulphuric acid 
added, the hydrogen disengaged holds atttimony Us it were in solution. When 
the gas is cotiducted through a rJed-hot glass tube of narrow dimensions, or 
burned with a limited supply of air, metallic antiniony is deposited. 



The few salt^ of antimony soluble in water are amply characterized by th6 
orange or brick-red precipitate with sulphuretted hydrogen, which is soluble 
in solution of sulphuret of ammonium, and again precipitated by an acid. 



■^- 



Besides its application to medicine, Emtimony is of great importance in the 
arts of life, inasmuch as it forms with lead type-metal. This alloy expands 
at the moment of solidifying, and takes an exceedingly sharp impression of 
the mould. It is remarkable that both its. constituents shrink under similar 
circumstances, and make very bad castings. 

TSLLVmUX* 

This metal, or semi-metal, is of very rare occurrence ; it is found in a few 
scarce minerals in association with silver, lead, and bismuth, apparently re- 
placing sulphur, and is most easily extracted from the sulpho-telluret of bis- 
muth of Chemnitz, in Himgary. The finely powdered ore is mixed with ari 
equal weight of dry carbonate of soda, the mixture made into a paste with 
oil, and heated to whiteness in a closely covered crucible. Telluret and sul- 
phuret of sodium are produced and metallic bismuth set free. The fused 
mass is dissolved in water and the solution fVeely exposed to the air, when 
the sodium and sulphur oxidize to caustic soda and hyposulphite of soda, 
while th^ tellurium separates in the metallic state. Tellurium has the color 
and lustre of silver; by fusion and slow cooling it may be made to exhibit 
the form of rhombohedral crystals similar to those of antimohy and arsenic. 
It is brittle^ and a comparatively bad conductor of heat and electricity : it has 
a density of 6*26, melts at a little below a red heat, and volatilizes at a higher 
temperature. Tellurium bums when heated in the air, and is oxidized by 
nitric acid. Two compounds of this substance with oxygen are known, 
having acid properties ; they much resemble the acids of arsenic. 

The equivalent of tellurium is 64*14 ; its s3rmbol is Te. 

Tellurous acid. TeOj. — This is obtained by burning tellurium in the 
air, or by heating it in fine powder with nitric acid of 1*25 specific gravity j 
a solution is rapidly formed, from which white anhydrous octahedral crystals 
of tellurous acid are deposited on standing. The acid is fusible at a red heat, 
and slightly volatile at a higher temperature; it is but feebly soluble in water 
or acids, easily dissolved by alkalis, and reduced when heated with carbon or 
hydrogen. A hydrate of tellurous acid is thrown down when tellurite of 
potash is mixed with a slight excess of nitric acid ; it is a white powder, 
soluble to a certain extent in water, and reddens litmus. 

* Mitscherlich, Lehrbuch, ii p 468. 
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TxixuBic ACID. TeOj. — ^Equal parts of tellurous acid and carbonate of 
soda are fused, and the product dissolved in water ] a little hydrate of soda is 
added, and a stream of chlorine passed through the solution. The liquid is 
next saturated wiUi ammonia, and miz^ with solution of chloride of barium, 
by which a white ins(duble precipitate of tellurate of baryta is thrown down. 
This is washed and digested with a quarter of its weight of sulphuric acid, 
diluted with water, llie filtered solution gives, on evaporation in the air, 
large crystals of telluric acid. , 

Telluric acid is freely, although slowly, soluble in water ; it has a metallic 
taste, and redd^is litmus paper. When the crystals are strongly heated, they 
lose water, and yield anhydrous acid, which: if then insoluble in water, and 
even in a l}oiling alkaline liquid. At the temperature of ignition, telluric acid 
loses oxygen, and passes into tellurous acid. The salts of the alkalis are 
soluble, but do not crystallize ; those of the earths are nearly, or quite in- 
soluble. 

There are two chlorides of tellurium, and also a hydruret, whicl^ closely 
resembles sulphuretted hydrogen. 

ABSSKIC. 

Arsenic is sometimes fi>und native ; the largest proportion, however, is 
derived from the roasting of natural arseniurets of iron, nickel, and cobalt; the 
operation is conducted in a reverberatoi^y furnace, and the volatile products 
condensed in a long and -nearly horizontal chimney, or in a kind of tower of 
brickwork, divided into numerous chambers. The crude arsenious^ acid thus 
produced is puriQed by sublimation, and then heated with charcoal in a re* 
tort; the metal is reduced, and readily sublimes. 

Arsenic has a steel gray color and high metallic lustre ; it is crystalline and 
very brittle ; it tarnishes in the air, but may be preserved unchanged in pure 
water. Its density is 5*7 to 5*9. When heated, it volatiUzes without fusion, 
and if air be present, oxidizes to arsenious acid. The vapor has the odor 
of garlic. This substance combines with metals in the same manner as sul- 
phur and. phosphorus, which it resembles, especially the latter, in many re- 
spects. With oxygen it unites in two proportions, giving rise to arsenious and 
arsenic acids. There is no basic oxide of arsenic. 

The equivalent of arsenic is 75*21 ; its symbol is As. 

Akssitious acid ; whits oxids or abssitic. AsO,.— The origin of this sub- 
stance is mentioned above. It is commonly met with in the form of a heavy, 
white, glassy-looking substance, with smooth conchoidal fracture, which has 
evidently undergone fusion. When freshly prepared it is often transpajrent, 
but by keeping becomes opaque, at the same time slightly diminishing. in 
density, and acquiring a greater degree of solubility in water. 100 parts of 
that liquid dissolve, at 212°, about 1 1*5 parts of the opaque variety; the largest 
portion separates, however, on cooling, leaving about 3 parts dissolved ; the 
solution feebly reddens litmus. Cold water, agitated with powdered arse- 
nious acid, takes up a still smaller quantity. Alkalis dissolve this substance 
fireely, forming arseiiites, which do not crystallize; it is also easily sofuble in 
hot hydrochloric acid. The vapor of arsenious acid is colorless and inodor- 
ous; it crystallizes on solidifying in brilliant transparent octahedrons, which 
are very characteristic. The acid itself has a feeble, sweetish and astringent 
taste, and is a most fearful poison.* 

* The best antidote for arsenious acid is the hydrate of the red oxide of iron. In its 
recently precipitated gelatinous condition, it is most active. It acts by forming an in- 
soluble arseniate of the protoxide of iron ; for the peroxide is reduced to protoxide by 
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Aiisxiric ACID. AsOg. — ^Powdered anenious add is dissolved in hot hydro- 
ddoric acid, and peroxidized by the addition of nitric acid, the latter being 
added as long as red vapors are produced; the whole is then cautiously eva- 
porated to complete dryness. Hie acid thus produced is white and anhydrous. 
Put into water, it slowly but completely dissolves, giving a highly acid solution, 
which, cm being evaporated to a syrupy consistence, deposits alter a time, hy- 
drated cryst^s of arsenic acid. When strongly heated, it is decomposed into 
arsenious acid and oxygen gas. 

This substance is a' very powerful acid, comparable with the phosphoric, 
which it resembles in the closest manner, forming salts strictly isomorphous 
with the corresponding phosphates; it is also tribasic. An arseniate of soda, 
2NaO, HO,.AsOg-|-24HO, undistinguishable in appearance from common phos- 
phate of soda, may be prepared by adding the carbonate to a solution of arse- 
nic acid, until an alkaline reaction is apparent, and then evaporating. This 
sah also crystallizes with 14 equivalents of water. Another arseniate, 3NaO, 
AsOg-|-24 HO, is produced when carbonate of soda in excess is fused with 
arsenic acid, or when the preceding salt is mixed Mdth caustic soda. A third, 
NaO, 2H0, As0^2H0, is made by substituting an excess of arsenic acid for 
the solution of alkali. The alkaline arseniates, which contain basic water, 
lose the latter at a red heat, but, unlike the phosphates, recover it when again 
dissolved.* >^The salts of the alkalis are soluble in water; those of the earths, 
and other metallic oxides, are insoluble, but are dissolved by acids. The pre- 
cipitate with nitrate of silver is highly characteristic of arsenic add ; it is red- 
dish brown. 

Three Sulphubxts or arsxkic are known. JUalgar^ AsS^, occurs native ; it 
is formed artificially, by heating arsenic or arsenious acid with a minimum of 
sulphur. It is a red, fusible, and volatile substance, employed by the pyrotech- 
nist, in making ivhxte-frt. Orpiment, AsS,, which is also a natural product of 
the mineral kingdom, is made by fusing arsenious add with excess of sulphur, 
or by predpitating a solution of the acid by sulphuretted hydrogen. It is a 
golden yellow crystalline substance, iiisible and volatile by heat Two higher 
sulphurets are also described, AsS^, corresponding to arsenic add, and AsS^; 
the former is produced when sulphuretted hydrogen is transmitted through a 
solution of arsenic acid. It is a yellow, fusible substance, capable of sublima- 
tion. Realgar, orpiment, and pentasulphuret of arsenic, are sulphur>acids. 

Arsenic unites with chlorine, iodine, &c. The terchioridtt AsClg, is formed 
by distilling a mixture of 1 part of arsenic, and 6 parts of corrosive sublimate ; 
it is a colorless, volatile liquid, decomposed by water into arsenious and hydro- 
chloric acids. The same substance is produced, with disengagement of heat 
and light, when powdered arsenic is thrown into chlorine gas. The iodidt^ 
Asl^ is formed by heating metallic arsenic with iodine; it is a deep-red crys- 
talline substance, capable of sublimation. The bromide and. fluoride are both 
liquid. 

Arsenic also combines with hydrogen, forming a gaseous compound, AsHr, 

losing oxygen, which, pasting to the arseuioas acid, foiOM arsenic acid. This change 
is represented by the following formula, 

3 Fe,0, and AsO, « 4 FeCH-AsO|. 

The hydrate is incapable of decomposing the arsenites. The red oxide, to act as an 
antidote to the arsenical salts, re9aiTe8 to be combined with an acid, which may sepa- 
rate the base, and then the arsenious acid and red oxide react on each other as above. 
The acetate of the red oxide is the salt used. 

Magnesia has also been recommended. In the state of recently precipitated hydrat^ 
it acts ou a solution of arsenious acid, with nearly the same rapidity as the hydraied 
peroxide of iron. In the condition usually found in the shops, it cannot be depended on 
with the same certainty, having been too highly calcined.— R. B. 

• Graham, Elements, p. 630. 
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the analogue of phosphnretted hydrogen. It is obtained pure by the action of 
strong hydrochloric acid on an alloy of equal parts zinc and arsenic, and' is 
produced in greater or leas proportion wbenerer hydrogen is set free ih con- 
tact with arsenioos acid. Arseniuretfed hydrogen is a colorless gas, of 2-095 
specific gravityi slightly soluUe in water, and baring the smell of gariic. It 
burns when kindled with a blue flame, genemting arseiiious acid. It is also 
decomposed by transmission through a red-hot tube* Many fnetallio solutions 
are precipitated by this substance. It is, whe|i inhalM, exceedingly poison'^ 
ous, even in rery minute quantity. 



ArsenionB add iS' dittingaished by characters which cannot be misonder- 
slood. 

Nitrate of silver, mixed with a solution of arseniousacid in water, oocaaions 
no precipitate, or merely a faint cloud; but if a little alkali, as a drop of am- 
monia, be added, a yellow precipitate of arsenite of silver immediately falls. 
The precipitate is exceedingly soluble in excess of ammonia; that substance 
must therefore be added with great caution. 

Sulphate of copper gives no precipitate with solution of arsenious acid, 
until the addition has been made of a little alkali, when a brilliant yellow- 
green precipitate (Scheele^s green) lalls^ which also is very soluble in excess 
of ammonia. 

Sulphuretted hydrogen passed into a solution of arsenious acid, to which a 
few drops of hydrochloric or sulphuric acid have been added, occasions the 
production of a copious bright yellow predpiiate of orpimetit, which is dis- 
solved with facility by ammonia, and is re-precipitated by acids. 

Solid arsenious acid, heated by the blow-pipe in a narrow glass tube with 
small fVagments of dry charcoal, affords a sublimate of metallic arsenic in the 
shape of a brilliant steel-gray metallic ring. A portion of this, detached by 
the point of a knife and heated in a second glass tube, with access of air, 
yields, in its turn, a sublimate of colorless, transparent octahedral crystals of 
arsenious acid. 

All these experiments, which yotrtffy give demonstrative proof of the pre- 
sence of the substance in question, may be performed, with perfect precision 
and certainty, npon exceedingly small quantities of material. 

The detection, of arsenious acid in complex mixtures contain- 
Fig. 141. ing organic matter and common salt, as beer, gi*uel, soup, &c.. or 
the fluid contents of the stomach in cases of poisoning, is a very 
&r more difficult problem, but one which is, unfortunately, often 
required to be solved. These organic matters interfere completely 
with the liquid tests, and render their indications worthless. Some- 
times the difliculty may be eluded by a diligent search in the 
suspected liquid, and in the vessel containing it, for fragments or 
powder of solid arsehious acid, which, fixnn the small degree of 
solubility and high density of the substance, of\en escape solution. 
If anything of the kind be found, it may be washed by decanta- 
tion with a little cold water, dried, and then reduced with char- 
coal. For the latter purpose, a small glass tube is taken, having 
the figure represented in the margin; white German glass, free 
from lead, is to be preferred. The arsenious acid, or what is 
^ suspected to be such, is dropped to the bottom, and covered with 
splinters or little fi-agments of charcoal, the tube being filled to 
J the shoulder. The whole is gently heated, to expel any moisture 
that may be present in the charcoal, and the deposited water 
wiped from ^e interior of the tube with bibulous paper. The 
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narroW' ■ part of the tube oonteiniAg the oha^oal, fiom a to 6, is now 
Ideated by the blow-pipe flame j ^hen ipd hot, the tube is inclined, so that 
the bqttum ai^o may become heate^ The arsenious aoid, if present, is 
vaporized, and reduced by the charcoal, and a ring of metallic arsenic de- 
posited on the eool part of the tube. To complete the experiment, the tube 
may be melted at a by the point of the flame, drawn ofl*, and closed, and the 
arsenic oxidized tp arsenious acid, by chasing it up and down by the heat of 
a small spirit-lamp* A little water may afterwards be introduced, and boiled 
in the tube, by which the arsenious acid will be dissolved, and to this solution 
the tests of nitmte of silver and ammonia, sulphate of copper and ammonia, 
and sulphuretted hydrogen, noay be applied. 

When the search for solid arsenious acid fails, the liquid itself must be ex- 
aimnedj a tolerably limpid solution must be obtained, from which the arsenic 
may be precipitated bjr sulphuretted hydrogen, and the orpiment collected, 
and reduced to the metallic state. It is in the first part of this operation that 
the chief difficulty is found ; such organic mixtures refuse to filte^ or filter so 
slowly, as. to render some method of acceleration indispensable. Boiling with 
a little caustic potash or acetic acid will sometimes effect this object The 
following is an outline of a plan, which has been found successful in a variety 
of cases, in which a very small quantity of arsenipus acid had been purposely 
added to an organic mixture. Oil of vitriol, itself perfectly free from arsenic, 
is mixed with the suspected liquid, in the proportion of about a measured 
ounce to a pint, having been previously diluted with a little water, and the 
whole is boiled in a flask for half an hour, or imtil a complete separation Of 
solid and liquid matter becomes manifest The acid converts any starch that 
may be present into dextrinie and sugar; it coagulates completely albuminoud 
substances, and caseine, in the case of milk, and brings the whole in a very 
short time into a state in which filtration is both easy and rapid. Through 
the filtered solution, when cold, a current of sulphuretted hydrogen is trans- 
mitted, and the liquid is warmed, to facilitate the deposition of the sulphuret, 
which falls, in combination with a large quantity of organic matter, which 
of\en communicates to it a dirty color. This is collected upon a small filter, 
and washed. It is next transferred to a capsule, ancl heated with a mixture 
of nitric and hydrochloric acids, by which the organic impurities are in a 
great measure destroyed, and the arsenic oxidized to arsenic acid. The solu- 
tion is evaporated to djyness, the soluble part taken up by dilute hydro- 
chloric acid, and then the solution saturated with sulphuretted hydrogen ; after 
some time, a sulphuret again precipitates. The liquid is warmed, and the 
precipitate washed by decantation, and dried. It is then mixed with blade- 
Jlux, and heated in a small glass tube, similar to that already described, with 
similar precautions j a ring of reduced arsenic is obtained, which may be oxi- 
dized to arsenious acid, and further examined. The black-flux is a mixture 
of carbonate of potash and charcoal, obtained by calcining cream of tartar in 
a close crucible; the alkali is the efl^ecdve agent in the reduction, tlie charcoal 
serving the purpose of preventing subsequent oxidation. A mixture of anhy- 
drous carbonate of soda and charcoal may be substituted with advantage for 
the common black-fiux, as it is lesi^ hygroscopic* 

Other methods of proceeding, difierent in principle from the foregoing, have 
been proposed, as that of Mr. Marsh, which is exceedingly delicate. The 
suspected liquid is acidulated with sulphuric acid and placed in contact with 
metallic zinc; the hydrogen reduces and dissolves the arsenic, if any be pre- 
sent. The gas is burned at a jet, and a piece of glass or poicelain held in 

* See a paper by the aathor on the detection of arsenic. Pfaarmaceatical Journal, L 
p. 514. 
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Fig. 142. 



&e flame, when any admixture of aneniuietted Hy- 
drogen is .at once known by the production of a bril- 
liant black metallic spot of reduced arsenic on the 
porcelain. 

A conrenient form of instrument fat the purpose is 
that shown in the drawing; it consists of a bent tube, 
having two bulbs blown upon it, fitted with a stop-oock 
and narrow jet. Slips of zinc are put into the lower 
bulb, which is afterwards filled with the liquid to be 
examined. On replacing the stopcock, closed, the gas 
collects and forces the fluid into ^e upper bulb, which 
then acts by its hydrostatic pressure and expels the gas 
through the jet so soon as the stop-cock is evened. It 
roust be borne in mind that both common zinc and 
sulphuric acid often contain traces of arsenic* 

A slip of copper foil boiled in the poisoned liquid, 
previously acidulated with hydrochloric acid, with- 
draws the arsenic and becomes covered with a white 
alloy. By heating the metal in a glass tube the arse- 
nic is expelled. 

* Where the amount of arsenic present is small, it becomes necessary to take advan- 
tage of the effects of heat, and cause the gas lo pass slowly through a red hot tube until 
all the zinc fs dissolved. The reduced arsenic will be deposited on the cool part of the 
tube just beyond the heated portion. In all cases of usin^ the above test, it is necessary 
to ascertain the purity of the zinc and acid by trial, previous to addition of the suspecied 
liquld.~R. B. 
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SECTION VI. 

METALS WHOSE OXIDES ARE REDUCED BY HEAT. 



SIXYSK, 

SiLTEB is found in the metallic state, in union with sulphur, and also as 
chloride. Among the principal silyer-mines may be mentioned those of the 
Hartz mountains in Germany, of Kongsberg^ in Norway, and more particu- 
larly, of the Andes in both North and South America. 

The greater part of the silvjer of commerce is extracted from ores so poor 
as to render any process of tmeltiii^ or fusion inapplicable, even where fuel 
could be obtained ; and this is often difficult to be procured ; recourse, there- 
fore, is had to another method, that of amalgamation^ founded on the easy 
solubility of silver, and many other metals in metallic mercury. 

The amalgamation process, as conducted in Saxony, differs somewhat from 
that in use in Ajuerica. The ore is crushed to powder, mixed with a quan* 
tity of common salt, and roasted at a low red heat in a suitable furnace, by 
which treatment any sulphuret of silver it may contain is converted into 
chloride. The mixture of earthy matter, oxides of iron, copper, soluble salts, 
chloride of silver, and metallic silver, is siiled, and put into l^ge barrels, 
made to revolve on axes, with a quantity of water^and scraps of iron, and the 
whole agitated together for some time, during whicl^ the iron reduces the 
chloride of silver to the state of metal. A certain proportion of mercury is 
then introduced and the agitation repeated ; the mercury dissolves out the 
silver, together with gold, if there be any, metallic copper, and o&er sub- 
stances, forming a fluid amalgam easily separable from the thin mud of 
earthy matter by subsidence and washing. This amalgam is strained through 
strong linen <iloth, and the solid portion exposed to heat in a kind of retort, 
by which the remaining mercury is volatilized, and the silver left behind in 
an impure condition. 

A considerable quantity of silver is obtained from argentiferous galena ; in 
fact almost every specimen of native sulphuret of lead will be found to con- 
tain traces of this metal. When the proportion rises to a certain amount, it 
becomes worth extracting. The ore is reduced in the usual manner, Uie 
whole of the silver remaining with the lead.; the latter is then re*melted in 
a large vessel, and slowly allowed to cool until solidification comn^ences. The 
portion which first crystallizes is nearly pure lead, the alloy with silver beiug 
more fiuibU than had iUdf; by particular management this is drained away, 
and is found to contain nearly the whole of the silver. This rich mass is 
next exposed to a red heat on the^ shallow hearth of a furnace, while a stream 
of air is allowed to impinge upon its surface ; oxidation takes place with great 
rapidity^ the fused oxide\or litharge being constantly swept from the mdtal 
by the blast When the greater part of the lead has been thus removed, the 
residue is transferred to a cupel or shallow dish made of bone-ashes, and 
again heated; the last of the lead is now oxidized, and the oxide sinks in a 
melted state into the porous vessel, while the silver, almost chemically pure, 
and exhibiting a brilliant surface, remains behind. 
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Pure silver rntiy be easily obtained. The metal is dissolved in nitric add; 
if it contain copper, the solution wm have a bhie tint; gold will remain un- 
dissolved as a: black powder. The solution is mixed with hydrochloric acid, 
or with common salt, and the whtt6, insoluble, curdy precipitate of chloride 
of silver washed and dried. This is then ibixed witli about twice its weight 
of anhydrous carbonate of soda, and the mixture, placed in an earthen cruci- 
ble, gradually raised to a tem^Serature approaching whiteness, during which 
the carbonate of soda and the chloride react upon each other, carbonic acid 
and oxygen escape, while metallic silver and chloride of sodium result; the 
former fuses into a button at the bottom of the crucible, and is easily de- 
tached. 

Pure silver has a most perfect white color, and a high degree of lustre ; it is 
exceedingly malleable and ductile, and is probably the best conductor both of 
heat and electricity known Its specific gravity is 10*5. In hardness it lies 
between gold and copper. It melts at a bright red-heat, about 1873® F., ac- 
cording to the observations of Mr. I^iell. Silver is unalterable by air and 
moisture ; it refuses to oxidize at any temperature, but possesses the extraordi- 
nary fiiculty, already noticed in an earlier part of the work, of absorbing many 
times its volume of oxygen when strongly heated in an atmosphere of that 
gas, or in common air. This oxygen is again disengaged at the moment of 
solidification, and gives rise to the peculiar arborescent appearance often re- 
marked on the surface of masses or buttons of pure silver. The addition of 
2 per cent of copper, is sufficient to prevent this absorption of oxyiren. Silver 
oxidizes when heated with fusible siliceous matter, as glass, which it stains 
yellow or orange, from the formation of a silicate. It is little attacked by hy- 
drochloric acid ; boiling oil of vitriol converts it into sulphate with evolution 
of sulphurous acid, and nitric acid, even dilute and in the cold, dissolves it 
readily. The tarnishing of surfaces of silver exposed to the air is due to sul- 
phuretted hydrogen, the metal having a strong attraction for sulphur. There 
are three oxides of silver, one of which is a powerful base isomorphous with 
potash, soda, and oxide of ammonia. 

The equivalent of silver is 108*12; its symbol is Ag (argentum). 

Suboxide of tiLVsn. Ag^O.^ — ^When dry citrate of silver is heated to 212* 
in a stream of hydrogen gas, it loses oxygen and becomes dark brown. The 
product dissolved in water gives a dark colored solution containing fifee citric 
acid and citrate of the suboxide of silver. The suboxide is then precipitated 
by potash. It is ,a black powder, very easily decomposed, and soluble in am- 
monia. The solution of citrate is rendered colorless by heat, being resolved 
into a sah of the protoxide and metallic silver. 

pROTOxiDx OF BiLTKB. AgO.— Caustlc potash added to solution, of nitrate 
of silver throws down a pale brown precipitate, which consists of protoxide 
of silver. It is very soluble in ammonia, and is dissolved also to a small ex- 
tent by pure water; the solution is alkaline. Recently precipitated chloride 
of silver, boiled in a solution of caustic potash of specific gravity 1*25, is con- 
verted, according to the observation of Dr. Gregory, into oxide of silver, which 
in this case is black and very dense. The protoxide of silver neutralizes adds 
completely, and forms for the most part colorless salts. It is decomposed by 
a red heat, with extrication of oxygen, spongy metallic silver being left ; the 
sun's rays also efiTect its decomposition to a smflll extent 

Pbkoxisb of silvbr. — ^This is a black crystalline substance which forms 
upon the positive electrode of a voltaic arrangement employed to decompose a 
solution of nitrate of silver. It is reduced by heat; evolves chlorine when 
acted upon by hydrochloric acid ; explodes when mixed with phosphorus, and 
strack; and decomposes solution of ammonia with 'great energy and rapid 
disengagement of nitrogen gas. 



NiTRATX or sii^YEii. AgOjNOg.^— The nitrate is prepared by directly dis- 
solving silver in nitric acid and evaporating the solution to dryness, or until 
it is strQpg enough to crystallize on cooling. The crystals are colorless, trans- 
patent, anhydrous tables, soluble in an equal weight of cold, and in half that 
quantity of boiling water j they also dissolve in alcohol. They fuse when 
heated like those of nitre, and at a higher temperature, suffer decomposition ; 
the hm^r cauftie of the sv^rgeon is nitrate of silver which lias been melted 
and poured into a cylindrical moulc^ This salt blackens when exposed to 
tight, more particularly if organic ma,tt6r8 of any kind be present, and is fre- 
quently employed to communicate a dark stain to the hair ; it enters into the 
pomposition of the " indelible " iilk used for marking linen. Th0 black stain 
has been thought to be metallic silver; it may possibly be suboxide. Pure 
nitrate of silver may be prepared from the metal alloyed with copper; the 
alloy is dissolved in nitric acid, the solution evaporated to dryness, and the 
mixed nitrates pautiously heated to fusion. A small portion of the melted 
mass is removed from time to time for examination; it is dissolved in water, 
filtered, and ammonia added to it in excess. While any copper-salt remains 
undecomposed, the liquid will be blue, but when that no longer happens, the 
nitrate may be suffered to cool, dissolved in water, and filtered from the inso- 
luble black oxide of copper. 

Sulphate of siltxr. . AgO,SOg.— The sulphate may be prepared by boil- 
ing together oil of vitriol and metallic silver, or b)r'precipitating nitrate of 
silver by an alkaline sulphate. It dissolves in 88 parts of boiling water, and 
separates in great measure in a crystalline forn^ on cooling, having but a 
feeble degree of solubility at a low temperature. It forms a crystallizable 
compound with ammonia, freely soluble in water, containing AgO,SOj-{-2NHj. 

Hypondphate of giher^ AgOjS^Og-l-^HO) is a soluble, crystallizable salt, 
permanent in the air. The hyposuUpkUe is insoluble, white, and very prone 
to decomposition ; it combines with the alkaline hyposulphites forming solu- 
ble compounds distinguished by an intensely sweet taste. The alkaline hy- 
posulphites dissolve both oxide and chloride of silver, and give rise to similair 
salts, an oxide or chloride of the alkaline metal being at the same time formed. 
Carbonate of aiher is a white insoluble substance obtained by mixing solur 
tions of nitrate of silver and of carbonate of soda. It is blackened and de- 
composed by boiling. 

Chlorids of silver. AgCl. — ^This substance is almost invariably pro- 
duced when a soluble salt of silver and a soluble chloride are mixed. It fiills; 
as a white curdy precipitate, quite insoluble in water and nitric acid, and but 
slightly dissolved by a large quantity of hydrochloric acid or an alkaline 
chloride. When heated it melts, and on cooling becomes a grayish crystal- 
line mass, which cuts like horn ; it is found native in this condition, consti- 
tuting the hom-nher of the mineralogist Chloride of silver is decomposed 
by light both in a dry and wet state, very slowly if pure, and quickly if 
organic matter be present; it is reduced also wheri put into water with 
metallic zinc or iron. It is soluble with great ease in ammonia, and in a 
solution of Cyanide of potassium. In practical analysis the proportion of chlo- 
rine or hydrochloric acid in a compound, is always estimated by precipitation 
by solution of silver. The liquid is acidulated with nitric acid and an excess 
of nitrate of silver added; the chloride is collected on a filter, or by subsidence, 
washed, dried, and fused; 100 parts correspond to 24-26 of chlorine, or 25*37 
of hydrochloric acid. 

loBiDB OF SILVER. Agl. — ^Tho iodidc is a pale yellow insoluble precipitate, 
produced by adding nitrate of silver to iodide of potassium ; it is insoluble, or 
nearly so, in ammonia, and forms an exception to the silver-salts in general 
in th^ respect. The bromide of silver very closely zesemldes the chloride. 
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SiTLPSimsT or mrxm. AgS.-— This is a soA, gray, and somewliat malleable 
Bobstance, found native in a crystallized state, and easily piodnced by melting 
together its oonstituents, or by precipitating a solution of silver by sulphuretted 
hydrogen. It is a strong sulphur-bese, and combines with the snlphurets of 
antimony and arsenic; examples of such compounds are found in the beautiful 
minerals dark and H^-red tikfor ore, 

Amxcitiubbt of SII.YBK ; BxKTHOLLXT'f n7LXiiri.Tiiro siLYXK. — ^When pre- 
cipitated oxide of silver is digested in ammonia, a Uack substance is produced, 
possessing exceedingly dangerous explosive properties. It explodes while 
moist when rubbed with a hard body, but when dry, the touch of a feather is 
sufficient The ammonia retains some of this substance in solution, and de- 
posits it in small crystals by spontaneous evaporation. A similar compound 
containing oxide of gold exists. It is easy to understand the reason why 
these bodies are subject to such violent and stidden deccnnposition by the 
slightest cause, on the supposition that they contain an oxide of an easily- 
reduced metal and ammonia ; the attraction between the two constituents of 
the substanSce is very feeble, while that between the oxygen of the one and 
the hydrogen of the other is very powerful. The explosipn is caused by the 
sudden evolution of nitrogen gas and vapor of water, Uie metal being. set free. 



A soluble salt of silver is perfectly characterized by the white curdy preci- 
pitate of chloride of silver, darkening by exposure to light, and insoluble in 
hot nitric acid, which is produced by the addition of any soluble chloride. 
Lead is the only metal which can be confounded with it in this respect, but 
chloride of lead is soluble to a great extent in boiling water, and is deposited 
in brilliant acicular crystals when the solution cools. Solutions of silver are 
reduced to the metallic state by iron, copper, mercury, and other metals. 



The economical uses of silver are many; it is admirable for culinary and 
other similar purposes, not being attacked in the slightest degree by any c^ 
the substances used for food. It is necessary, however, in these cases, to 
diminish the softness of the metal by a small addition of copper. The standard 
silver of England contains 222 parts of silver and 18 parts of copper. 

GOLD. 

Gold, in small quantities, is a very widely-diffused metal;, traces are con- 
stantly found in the iron-pyrites of the more ancient rocks. It is always met 
with in the metaUic state, sometimes beautifully crystallized in the cubic form, 
associated with quartz, oxide of iron, and other substances in regular mineral 
veins. The sands of various rivers have long furnished gold derived from 
this source, and separable by a simple process of washing; such is the gold- 
dutt of commerce. When a veinstone is wrou^t for gold, it is stamped to 
powder, and shaken in a suitable apparams with water and mercury; an 
amalgam is formed, which is ailerwards sei>arated from the mixture and 
decomposed by distillation. 

The pure metal is obtained by solution in nitro-hydrochloric acid and pre- 
cipitation by a salt of protoxide of iron, which, by undergoing peroxidation, 
reduces the gold. The latter falls as a brown powder, which acquires the 
metallic lustre by friction. 

Gold is a soft metal, having a beautiful yellow color. It surpasses all 
other metals in malleability, the thinnest gold-leaf not exceeding, it is said, 
IVvVvv th of an inch in thickness, while the gilding on the silver wire used 
in the manu&cture of goid-hce, is still thinner. It may also be drawn into 
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yery fine wire. Gold has a density of 19*5; it melts at a tempeiature a little 
above the fusing-point of silven Neither air nor water affects it in the least 
at any temperature ; the ordinary acids fail to attack it, sinj^ly. A mixture of 
nitric and hydrochloric acids dissolves gold, however, with ease, the active 
agent being the liberated chlorine. Cfold forms two compounds with oxygen, 
and two corresponding compounds with chlcnrine, iodine, sulphur, &c. Both 
oxides refuse to unite with acids. 

The equivalent of gold is 99*44. Its S3rmbol is Au (aurum). 

SuBOXiBS OF eoLD. Au^O — ^The suboxide is produced when caustic potash 
in solution is poured upon the subchloride. It is a green powder, partly solu- 
ble in the alkaline liquid ; the solution rapidly decomposes into metallic gold, 
which subsides, and into peroxide, which remains dissolved. 

PxBOXjos or »old; attbic acid. Avfi^ — >When magnesia is added to the 
perchloride of gold, and the sparingly soluble aurate of that base well washed, 
and digested with nitric acid, the peroxide is left as an insoluble reddish-yel- 
low powder, which, when dry, becomes cbestout-brown. It is easily reduced 
by heat, and also by mere exposure to light ; it is slightly soluble in strong 
adds, but forms Mnih them no definite compounds. 

Alkalis dissolve it freely; indexed, the acid properties of this substance are 
very strongly znarked; it partiedly decomposes a solution of chloride of potas- 
raum when boiled with that liquid, potash being produced. When digested 
with ammonia, it furnishes fulminating gokL 

SuBCHXoBinx OF GOLD. AugCl. — ^This substance is produced when the per- 
chloride is evaporated to dryness and exposed to a heat of 440^, until chlorine 
ceases to be exhaled. It forms a yellowish-white mass, insoluble in water. In 
contact with that liquid, it is decomposed slowly in the bold, and rapidly by 
the aid of heat, into metallic gold and perchloride. 

PxBCHLOBiDS OF eoLD. — ^Au2C]3.— This is the most important compound of 
the metal ; it is always produced when gold is dissolved in nitro-hydrochloric 
acid. The deep yellow solution thus obtained, yields, by evaporatbn, yellow 
crystals of the double chloride of gold and hydrogen; when this is cautiously 
heated, hydrochloric acid is expelled, and the residue, on cooling, solidifies to 
a red crystalline mass of perchloride of gold, very deliquescent, and soluble in 
water, alcohol, and ether. The perchloride of gold combines witfi a number 
of metallic chlorides, forming a series of double salts of which the general 
formula in the anhydrous state is MC-f- Au^Cl,, M representing an equivalent 
of the second metaL These compounds are mostly yellow when in crystals, 
and red when deprived of water. 

A mixture of chloride of gold with excess of bicarbonate of potash or soda, 
is used for gilding small ornamental articles of copper ; these are cleaned by 
dilute nitric acid, and then boiled in the mixture for some time, by whidi 
means they acquire a thin but perfect coating of reduced gold. 
The other compounds of gold are of very little importance. 



The presence of this metal in solution may be known by the brown preci- 
pitate with protosulphate of iron, fusible before the blow-pipe into a bead of 
gold; and by the purple compound formed when the chloride of gold is added 
to a solution of protochloride of tin. 



Gold intended for coin, and most other purposes, is always allcfyed with a 
certain proportion of silver or copper, to increase its hardness and durability; 
the first-named metal confers a pale greenish color. Gold4eaf is made by 
rolling out plates of pure gold as thin as possible, and then beating them be- 
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tween folds of membrane by a heavy hammer, until the requisite degree of 
tenuity has been reached. The leaf is made to adhere to wood, &c^ by .size 
or varnish. 

Gilding on copper has very generally been performed by dipping the arti- 
cles into a solution of nitrate of mercury, and then shaking them with a small 
lump of a soil amialgam of gold with that metal, wbibh thus becomes apreaci 
over their surfaces; the articles are subsequently heated to expel the merT 
cury, and then burnished. Gilding on steel is done either by applying a 
solution of perchloride of gold in ether, or by roughening the surface of the 
metal, heating it, and applying gold-leaf, with a burnisher. Gilding by elec- 
trolysis,-^-an elegant and simple method, now rapidly superseding many of 
the others, — ^has already been noticed. The solution usually^ employed is 
obtained by dissolving oxide or cyanide of gold in solution of cyanide of 
potassium.* 

XBBCURT, OR QUICKS ILYXH. 

This very remarkable metal has been known from an early period, and 
perhaps more than all others, has excited the attention and curiosity of expe- 
rimenters, by reason of its peculiar physical properties. Mercury is of great 
importance in several of the arts, and enters into the composition of many 
valuable medicaments. 

Metallic quicksilver is occasionally met with in globules disseminated 
through the native sulphuret, which is the iordinary ore. This latter sub- 
stance, sometimes called cmnahcar^ is found in considerable quantity in sevCTal 
localities, of which the most celebrated are Almaden, in New Castile, and 
Idria, in Camiola. The metal is obtained by heating the sulphuret in an 
iron retort with Ume or scraps of iron, or hy roasting it in a furnace, and 
conducting the vapors into a large chamber where the mercury is condensed, 
while the sulphurous acid is allowed to escape. Mercury is imported into 
tills country in bottles of hammered iron containing sixty or seventy pounds 
each, and in a state of considerable purity. When purchased in smaller quan- 
tities, it is sometimes found adulterated with tin and lead, which metals it 
dissolves to some extent without nmch loss of fluidity. Such admixture may 
be known by the foul surface the mercury exhibits when shaken in a bottle 
containing air, and by the globules, when made to roll upon the table, having 
a train or tail 

Mercury has a nearly silver-white polor, and a veiy high degree of lustre ; 
it is liquid at all ordinary temperatures, and only solidifies when cooled to 
— 40^ F. In this state it is soft and malleable. At 662^ it boils, and srields 
a transparent, colorless vapor, of great density. The metal volatilises, how- 
ever, to a sensible extent at all temperatures above 68* or 70° 3 below this 
point its volatility is imperceptible. The specific gravity of mercury at 60* 
is 13'56 ; that of frozen mercury about 14, great contraction taking place in 
the act of solidification. 

Pure quicksilver is quite unalterable in the air at common terhpemtures, 
but when heated to near its boiling-pcant, it slowly absorbs oxygen, and be- 
comes converted intq a crystalline dark-red powder, which is the highest 
oxide. At a dull red heat, this oxide is again decomposed into its constituents. 
Hydrochloric acid has little or no action on mercui^, and the same may be 
said of sulphuric acid in a diluted state j when the latter is concentrated, and 
boiling hot, it oxidizes the metal, converting it into sulphate of the red oxide, 
with evolution of sulphurous acid. Nitric add, even dilute and in the cold, 
dissolves mercury freely. 

* Messes. Biking ton, Application of ele^tifO'^oto^lurgy to tk^arts. 
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Mercury combines with oxygen in two proportions, forming a gray and a 
red oxide, both of which are salifiable. As the salts of the red oiide are tlie 
most stable and permanent, that substance may be regarded as the true prot- 
oxide, instead of the gray oxidej to which the tprm has usually been applied/ 
Until, however, isomorphous relations connecting mercury with the other 
inetals shall be established, the constitution of the two oxides and that of the 
corresponding chlorides, iodides, &c., must remain somewhat unsettled. 

The eqikivalent of mercury, on the above supposition, will be 101*27 j its 
Symbol is Hg (hydrargyrum). \ 

SiTBoxisx or MCRCX7BT; eRAT oxiBS. HggOw— The suboxide Is easily prepared 
by adding caustic potash to the nitrate of this substance, or by digesting calo- 
mel in solution of caustic alkali. It is a dark gray heavy powder, insoluble in 
water. It is slowly decomposed by the action of light into metallic mercury 
and red oxide. The preparation known in pharmacy by the names bhie piU, 
gray ointment, mercury wUh chaSe, &c., often supposed to owe their efficacy to 
this substailce, merely contain the fitfe^y-divided metal. ' 

PsoTOxiDS or miicx7iiT ; bed oxide. HgO. — ^There are three methods by 
which this compound may be obtained. (1.) By exposing niercuiy in a glass 
flask with a long, narrow neck, for several weeks to a temperature approach- 
ing 600^ ; the product has a dark-red cblor and is highly crystalline ; it is the 
red precipitate of the old writers. (2.) By cautiously heating any of the nitrates 
of either oxide to complete decomposition, when the acid is decomposed and 
expelled, oxidizing the metal to a maximum, if it happen to be in the condition 
of suboxide. The product is in this case also crystalline, and very dense, but 
has a much paler color than the preceding; while hot, it is nearly black. It 
is by this method that the oxide is generally prepared ; it is apt to contain 
undecomposed nitrate, which may be discovered by strongly heating a portion 
in a test-tube; if red fumes ar^ produced or the odor of nitrous acid exhaled, 
the oxide has been^insufficiently heated in the process^of manufacture. (3.) By 
adding caustic potash in excess to a solution of corrosive sublimate, by which 
a bright yellow precipitate of oxide is thrown down, which only differs from 
the foregoing preparations in being destitute of dystalline texture,' and much 
more minutely divided. It must be well washed, and dried.* 

Red oxide of mercury is slightly soluble in water, communicating to the 
latter «n alkaline reaction and metallic taste; it is highly poisonous. When 
strongly heated, it is decompos(ed, as before observed, into metallic mercury 
and oxygen gas. 

Nitrates or the oxides or mxrcubt.— -Nitric acid varies in its action upon 
mercury, according to the temperature. When cold and somewhat diluted, 
only salts of the gray oxide are formed, and these are neutral or basic (i. e. with 
excess of oxide), as the acid or the metal happens to be in excess. When, on 
the contrary, the nitric acid is concentrated and hot, the mercury is raised to 
its highest state of oxidation, and a sah of the red oxide produced. Both classes 
of salts are apt to be decomposed by a large quantity of water, giving rise to 
insoluble, or sparingly soluble coihpounds containing an excess of bfise. 

Neutral tub-nitrate^ HgjO , NO5-I-2HO, forms large colorless crystals, soluble 
in a smdll quantity of water without decomposition; it is made by dissolving 
mercury in an excess of cold dilute nitric acid. 

When excess of mercury hsis been employed, a finely-crystallized basic salt 
is, after some time, deposited, containing SHgjO , 2NOg-|-3HO; this is also 
decomposed by water. The two salts are easUy distinguished when rubbed 
in a mortar wi^ a little chloride of sodium ; the neutral compound gives nitri^te 

* This precipitate is considered by Scbadflfner to be a hydrate. HgO , 3HO, f>T by 
ex|>osttre to the temperature of 983^, it loses water amounting to over 80 per cent, of its 
weight.— K B. 
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of soda and calomel; the basic salt, nitrate of soda and a black compound of 
calomel with oxide of mercu^. A black substance, called HahmemawfC% wokvy- 
ble mercury^ is produced when ammonia in small quantity is dropped into a 
solution of jsub-nitrate ; it contains SHgjO , NOg+NH,, or, according to Dr. 
Kane, 2HgjO , NO5+NH3. 

Neutral niirate of the protojcide ofmercury^ (red oxide,) cannot be obtained in 
crystals. When hot, strong nitric acid is saturated with red oxide, a crystallized 
salt separates on cooling, containing 2HgO, N0^4~^^^) ^^ ^ ^^^ produced 
by direct solution of the metal. Cold water separates from this substance a 
yellow insoluble compound which contains 3HgO, NOg-|-HO, and boiling 
water, a red insoluble salt, 6HgO , NO5. — The nitrate O^ the protoxide of mer- 
cury forms several interesting compounds with ammonia. 

Sulphate of the mboxide of mercury Hgfi , SO3, falls as a white ciystalline 
powder when sulphuric acid is added to a solution of the sub-nitrate ; it is but 
slightly soluble in water. Sufyhate of the protoxide^ HgO , SO3, is readily pre- 
pared by boiling together oil of vitriol and metallic mercury until the latter is 
wholly converted into a heavy white crystalline powder, which is the salt in 
question ; the excess of acid is then removed by evaporation, carried to perfect 
dryness. Equal weights of acid and metal may be conveniently employed. 
Water decomposes the sulphate, dissolving out an acid salt and leaving an 
insoluble, yellow, basic compound, formerly called turpeth, or turbith mineral, 
containing, according to Dr. Kane's analysis, 3HgO , SO3. Long-continued 
washing with hot water entirely removes ihe remaining add, and leaves pure 
oxide of mercury. 

SuBCHLORiDS ov xEBCuaT; CALOXXL. Hg^Cl. — ^This very important sub- 
stance may be easily and well prepared by pouring a solution of the sub-nitrate 
into a large excess of dilute solution of common salt It falls as a dense white 
precipitate, quite insoluble in water; it must be thoroughly washed with boil- 
ing distilled water, and dried. Calomel is generally procured by anoth^ and 
more complex process. Dry sulphate of the red oxide is rubbed in a mortar 
with as much metallic mercury as it already contains, and a quantity of 
common salt, until the globules disappear, and a unifomi mixture has been 
produced. This is subjected to sublimation, the vapor of the calomel being 
carried into an atmosphere of steam, or into a chamber containing air; it is 
thus condensed in a minutely-divided state, and the laborious process of pul- 
verization of the sublimed mass avoided. The reaction is thus explained: — * 

r 1 eq. mercury _ ^^ Calomel, HgjCl. 

1 eq. sulphate 1 1 eq. oxygen 

of mercury y 1 eq. sul- } 

\, phuricacid J 

1 eq. metallic mercury -'"''^ 
1 eq. common > 1. eq. chlorine 

salt ) 1 eq. sodium ^^^Sulphate of soda. 

Pure calomel is a heavy, white, insoluble tasteless powder; it rises in vapor 
at a temperature below redness, and is obtained by ordinary sublimation as a 
yellowish-white, crystalline mass. It is as insoluble in cold, diluted nitric acid 

* If the gray oxide be consideied as protoxide, the sulphate will be bisulpUate of the 
peroxide, UgO,, 2SO„ and the decomposition will stand thus :— 

1 ea. sulphateyi!^- ?;j;^"7 "S;^ «<!• calomel, HgCl. 




ea. wlphatea^S ;i!5fvS27 "" 

of mercury i J^^-^VF^ "^ 
' C3eq. sulphnncaci 



1 eq. metallic mercury 

2 eq. common ( 2 eq. chlorine 
(2eq 



•alt ( 2 eq. sodium ^w 2. eq. sulphate of soda. 
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as the chloride of silver ; bbiliQg*hot, strong nitric acid oxidizes and dissolTes it 
Calomel is instantly decomposed by an alkali, or by lime«water, with produc- 
tion of suboxide. It is sometimes apt to contain a little chloride, which would 
be a very dangerous contamination in calomel employed for medical purposes. 
This is easily discovered by boiling w:ith water, filtering the liquid, and adding 
caustic potash. Any corrosive sublimate is indicated by a yellow precipitate.* 
Chiabids of XSBCX7KT ; CQRKOsivE suBuxATX. HgCl. — ^Tho chlohdc may 
be obtained by several different processes. (1.) When metallic mercury is 
heated in chlorine gas, it takes fire and bums, producnng this substance. 
(2.) It may be made by dissolving the red oxide in hot hydrochloric acid, 
when crystals of corrosive sublimate separate on cooling. (3.) Or, more 
economicaUy, by subliming a mixture of equal parts of sulphate of the prot« 
oxide of mercury (red oxide), and dry common salt; and this is the plan 
generally followed. The decomposition is thus easily explained :— y 

{1 eq. mercury ■ ^ G)rrosive sublimate^ HgCL 

1 eq. oxygen 
1 eq. sul- 
phuric acid 
1 eq. common ( 1 eq. chlorine 

salt \ 1 eq. sodium ' ^^^"Sulphate of soda. 

The sublimed chloride ibrms a white, transparent, crystalline mass of great 
density ; it melts at 509®, and boils and volatilizes at a somewhat higher tem- 
perature. It is soluble in 16 parts of cold and 3 of boiling water, and crys- 
tallizes from a hot solution in long white prisms. Alcohol and ether also 
dissolve it with facility; the latter even withdraws it from a watery solution. 
Chloride of mercury combines with a great number of other jnetallic chlo- 
rides, forming a' series of beautiful double salts, of which the ancient wX 
(Uembroth may be taken as a good example ; it contains, HgCl-|-NH^Cl-|-HO. 
Corrosive sublimate absorbs ammoniacal gas with great avidity, generating a 
compound supposed to contain 2HgCl-|-^^s* 

When excess of ammonia is added to a solution of corrosive sublimate, a 
white, insoluble substance is thrown down, long known imder the name of 
wkUe precipitate. Br. Kane, who has devoted much attention to the salts 
of mercury, represents this white precipitate as a double amide and chloride 
of mercury, or HgCl+HgNHg, 2 equivalents of chloride of mercury and (me 
of ammonia, yielding 1 equivalent of the new body and one of hydrochlorio 
add. A corresponding black compound, HgjCl-l-HggNHj, is produced when 
ammonia is digested on calomel, which must be oarefidly distinguished from 
the suboxide. 

A compound of chloride of mercury with oxide of mercury also exists. It 
falls as a brown precipitate when a small quantity of ammonia is added to a so- 
lution of chloride of mercury, or when carbonate of potash or soda is employed. 
This substance is also formed by passing chlorine through water holding red 
oxide of mercury in suspension, or by boiling a mixture of corrosive sublimate 
and solution of bleaching powder ; in the last case it is dark-colored and crys- 

• Ammonia is to be preferred, yielding a white precipitate which has lest solubility 
than the red oxide.— R. B. 

t Or, on the other supposition — 

1 ea sulphate (i ***• ^^^^^^ ^^ Bichloride of mercury, HgCl^ 
of mercury j g c?. tulpruricldri^^^:;^ 

2 eq. common < 2 eq. chlorine >*'****^**'^^ ^^ 

salt i 2 eq. sodium ^^*^ 2 eq. sulphate of soda. 
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talline. The oxychloride of mercury contain* HgCl+ 4HgO. It is decomposed 
by heat into corrosive sublimate and red oxide. 

Cotrosive sublimate forms insoluble compounds with many of the azotized 
orjganic principles, as albumen, &c. It is, perhaps, to this property that its 
great antiseptic virtues are due. AniiYial and vegetable substances are pre- 
served by it from decay, as in Mr. Kysfn's method of preserving timber and 
cordage. Albumen is on this cujoount an excellent antidote to corrosive sub- 
limate in cases of poisoning. 

SvBiGDiDX 07 if ERCVKT. . HgjI. — ^Thc subiodide is formed when a solution 
Qf iodide of potassium is added to nitrate of the suboxide of mercury; it sepa- 
tates as a dirty-yellow, insoluble precipitate, with a cast of green. It may 
be prepared by rubbing together in a mortar mercury and iodine in the pro- 
portion of 2 equivalents of the former to 1 of the latter, the mixture being 
moistened fVom time to time wi^ a little alcohol. 

looiBS OP MERCUBT. HgI.-^When solution of iodide of potassium is inixed 
With chloride of mercury, (corrosive sublimate,) a precipitate fells, which is at 
first yellow, but m a few moments changes tef a most brilliant scarlet, which 
color is retained on drying. This is the neutral io^de ; it may be made, although 
of rather duller tint, by triturating angle equivalehts of iodine and mercury with 
a little alcohol. When prepared by precipitation, it is better to weigh out the 
proper proportions of the two salts, as the iodide is soluble In an excess of 
either, more especially in excess of iodide of potassium. The iodide of mer- 
cury exhibits a very remarkable case of dimorphism, attended with difference 
of color, the latter being red or yellow 'according to the figure assumed. 
Thus, 'w^hen the iodide is suddenly exposed to a high temperature, it becomes 
bright yellow throughout, and yields a copious subjimate of nnnute but bril- 
liant yellow crystals. If in this state it be touched by a hard body, it in- 
stantly becomes red, and the same change happens spontaneously after a 
certain lapse of time. Oi the other hand, by a very slow and careful heating, 
a sublimate of red crystals having a totally different form may be obtained, 
which are permanent The same kind of change happens with the freshly- 
precipitated iodide, as Mr. Warington has shown, the yellow crystals first 
ibrmed breaking up in the course of a few seconds from the passage of the 
salt to the red modification.* 

Su^suLPHUBBT OF MERCUBT. Hg^S. — ^Tho black precipitate thrown down 
from a solution of subnitrate of mercury by sulphuretted hydrogen, is a sub- 
sulphuret; it is decomposed by heat into metallic mercury and neutral sul- 
phuret 

Sui^HX7B£T OP MtRCiTBT; ABfiPiciAL ciKNABAB; vEBxiLioir. HgS. — Sul- 
phuretted hydrogen gas causes a precipitate of a white color when passed in 
small quantity into a solution of corrosive sublimate or nitrate of the red 
oxide ; this is a combination of sulphuret with the salt itself. An excess of the 
^as converts the yt^hole into sulphuret, the color at the same time changing 
to black. When this black sulphuret is sublimed, it becomes dark-red and 
crystalline, but undergoes no change of composition; it is then cinnabar. 
The sulphuret is most easily prepared by subliming an intimate mixture of 6 
parts of mercury and 1 of sulphur, and reducing to very fine powder the 
resulting cinnabar, the beauty of the tint depending much upon the extent to 
which division is carried. The red or crystalline sulphuret may also be 
formed directly, without sublimation, by heating the black precipitated Sub- 
stance in a solution of pentasulphuret of potassium ; the sulphuret of mercury 
is in fact soluble to a certain extent in the alkaline sulphurets, and forms 
with them crystedlizable compounds. 

• Memoirs of Chemical Society of London, i. p. 8S. 



HKHea Teraailioii is ^Leated in the »ir, it yields metatiic menmey and sul* 
pJMgnnn acid ; it leaiftts tUe action both of oaufltic alkaU ,ui solution, e^^d of 
atxoB^ «aiD0xal acid^^i^a nitric, and 19 cwaiy attadpsd hgr «%ua xegia. 



The «alt8 of diieiKsqij ate all iwlaiaJiaed 9t deoonpt^sed fagr « tempefatore of 
^gnitJQp; tbose whish fiul to yield the metal by Bimple haaXing may ia «U 
caseii 4>e made «o do «o l^ heatwg in » te9t»t)ibe with a U(aA» <dry cavbooate of 
aeda. The liiefiailiie yeoi p itated iJaom its soMIe oomfamatioos by a plate of 
copper, and ajao ^ a solution of pfoio^<M»de of tiv, ined in ^xeew. The 
JbehaYi,or of the^ohloiide and aolitble Balls of ihe fed oxide ^with oaiistie potash 
and axomonia is^ao hii^iliy charaoteoaUc. 



AitegnB of meocvry with other melHtis 'ate<tmautd wnt^mu; aMfcury di»- 
soItcs in this mgunier nuu^ of (be metais, as ;0Qld, stiver, tin, lead, ito. 
Tlieee oombisations sometimes talse place with eooaidesable vicdeBoe, as in 
the caae of potassium, wheie light and heat arp psoduoed ; besides this, manf 
of ^» ajnalgams crystallize after a while, becoming soHd. The amalgam o£ 
tin used in silvezaog looklag'glasses, and. that «tf silver, sometimes employed 
ix >«t^piiig •faoUow teedij ure eoEamples. 



Platinum, palladium, rhodium, iridium^ and'Osmium, form a small .group 
of metals, allied in some cases by properties in ^mmon, and still more 
olosely by a natural association. Crude piatiman^ a native alloy of platinum, 
palladium, rhodium, and a little iron, ocours in grains and rolled masses* 
sometimes of tolerably large dimensions, mixed with gr&y^l and transported 
materials en thi^ slope of the Ural Mountains in Russia, in Ceylon, and in a 
few other plac.es> It has nev^r been seefn in the rock, which, however, is 
judged from the accompanying minerals^ to ^ve bepn serpentine. 

From this substance platinum is prepared by the following process :-r-The 
crude metal is acted upon as far as possible by nitro-hydrochloric acid ; to the 
deep yellowish-red and highly acid solution thus produced, sal-ammoniac is 
added, by which nearly the whole of the platinum is thrown down in die 
Btate of ammpnio<chloride. This substance is washed with a little cold 
water,. dried and heated to redness; metallic platimmi in spongy state as le^ 
Although this metai cannot be fused in a compact mass hy any furnaoe-heat, 
yet the same object may be accomplished by taking advantage of its property 
of WQlding, like iron, at a very high temperature. The spongy platinum is 
made into a thin uniform paste with water, introduced into a slightly conical 
mould of brass, and subjected to a graduated pressure., by which the water 
is squeezed out, and the mass rendered at length sufficiently solid to bear 
handling. It is then dried, very carefully heated to whiteness, and ham- 
mered, or subjected to xx>werful pressure by suitable means. If this opera- 
tion has been properly conducted, the platinum wilLnow be in a state to bear 
foxging into a bar, which can afterwards be rolled into plates, or drawn into 
wire, at pleasure. 

Platinum is in point of color a little whiter than iron; it is exceedingly 
mtdleable and duotile, both hot aqd cold, and is very iniusible, melting only 
be&re the oxy-hydrogen blow-pipe. It is the heaviest substance known^* its 

• This is in accordance with the usual statemeat, but Iridium (wMch sse) is still 
denser. — R. B. 
18 
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specific gravity^ being 21*5. Neither air, moisture, nor the ordinary acids 
attack platinum in . the slightest degree at any temperature ; hence its high 
value in the construction of chemical vessels. It is dissolved by aqua regia, 
and superficially oxidized by fiisediiydrate of pota8h,;wiuch enters into camr 
Innation with the oxide. 

The remarkable property of the spongy metal to determine the union of 
oxygen and hydiogen has been already noticed. There is a still more curious 
state in which platiniun can be obtained, that of plaiuwm'black^ where the 
division, is pushed much farther. It is easily prepared by slowly heating to 
212®, with frequent agitation, a solution of chloride of platinum to whichan 
excess of carbonate of soda and a quantity of sugar have . been added. The 
black powder is collected on a filter, washed and dried by gentle heat This 
substance appears to possess the property of condensing gases, more espe- 
cially oxygen, into its pores to a very great extent ; when placed in ccmtact 
with a solution of formic acid, it converts the latter, with copious efiferves- 
oence, into carbonic acid ; akx^oi and ether dropped upon the platinum-black 
become changed by oxidation to acetic acid, the rise of temperature being 
often sufl^ently great to cause infiammation. When exposed to a red heat, 
the Uack substance shrinks in volume, assumes the appearance of common 
spcHigy platinum, and* loses these peciiliarities, which tae no d£>ubt the result 
of its excessively comminuted state. ■ Platinum forms two compounds with 
oxygen, chlorine, &c. The equivalent of platinum is 98'68. Its symbol is Pt 

Pbotoxibe or platiititx. PtO.< — ^When protochloride of platinum is di- 
gested with caustic potash, a black powder, soluble in excess of alkali, is 
produced; this is the protoxide. It is soluble in adds with brown color, and 
the solutions are not precipitated by sal-cunmoniac. Wben peroxide of plati- 
num is heated with solution of oxalic acid, it is reduced to protoxide, which 
temains dissolved. The liquid has a dark blue color, and deposits fine cop- 
per-red needles of oxalate of the protoxide of platinum. 

PsRoxiDs OF PLATiinrH. PtOj. — ^This is best prepared By adding nitrate 
of baryta to sulphate of the peroxide of platinum ; sulphate of baryta and 
nitrate of the oxide are produced. From the latter, caustic soda precipitates 
one half of the oxide of platinum. The sulphate is itself obtained by acting 
with strong nitric acid upon the bisulphuret of platinum, which falls as a black 
powder when a solution of bichloride is dropped into sulphuret of potassium. 
The hydrate of the peroxide is a bulky brown powder, which, when gently 
heated, becomes black and anliydrous. It dissolves in acids, and also combines 
with l^ses; the salts have a yellow or red tint, and a g^eat disposition to unite 
with salts of the alkalis and alkaline earths, giving rise to a series of double 
compounds, which are net precipitated by excess of alkali. A combination 
of oxide of platinum with ammonia exists, which is explosive. Both, oxides 
of platinum are reduced by ignition. 

PaoTOCHLOHisB OF PLATiiTUM. PtCl.— -The protochloridc is'produced when 
bichloride of platinum is exposed for some time to a heat of 400®, by which 
half of the chlorine is expelled; also, when sulphurous acid is passed into a 
solution of the bichloride) It is a greenish-gray powder, insoluble in water, 
but dissolved by hydrochloric apid. The latter solution, mixed with sal-am- 
moniac or chloride of potassium, deposits a double salt in fine crystals, con- 
taining, in the last case, PtCl-[-KCl. The protochloride is decomposed by 
heat into chlorihe and metallic platinum. 

PSRCHLORIDS OR BICHLORIDE OF PIiATIlTUK. PtClg. ^This SUbstanCC is 

always formed when platinum is dissolved in nitro-hydrochloric acid. The 
acid solution yields on evaporation to dryness a red or lnt>wn residue, deli- 
quescent, and very soluble both in water and alcohol ; the aqueous solution 
has a pure orange-yellow tint. Bichloride of platinum combines to form 
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doable salts with a great variety of xneteBic chlorides ; the most impoitftnt'of 
these oompounds are those containing the metals of the alkalis and ammo- 
oium. Ckkride ofpUoinmm and potassium^ PtQ^-l-KCl, forms a bright-yellow 
erystalline precipitate, being prodticed whenever solutions of the chlorides of 
platinum and-of potassium are mixed, or a salt of potash, mixed with a little 
bydiochktric acid, added to chloride of platinum. It is feebly soluble in 
water, still less soluble in dilute alcohol, and is decomposed with some diffi- 
colty by heat ' It is readily reduced by hydrogen at a hi^h temperature, fvO- 
nishing a mixture of chloride of. potassium and platinum-black ; the latter 
substance may thus, indeed, be very, easily prepared. The so<2wm-«alt, 
Ptdj-f-NaCl+dHO, is very soluble, crystallizing in large, transparent, yel- 
low-red prisms, of great b«uity. The ammonio-ckhtide of p/o/initmj-PtClg-f- 
NH^Cl, is undistin^ishable in physical characters, from the potassium salt ; 
it is thrown down as a precipitate of small, transparent, yellow, octahedral 
crystals, when sal-ammoniac is mixed with chloride of jplatinum ; it is but 
feebly soluble in wat^r, still less so in dilute alcohol, and is decomposed by 
heat, yielding spongy , platinum, while sal-ammoniac, hjrdrodiloric acid, and 
nitrogen, are driven od*. Compounds of platinum, with iodine, bromine, sul*> 
phur, arid phosphorus, have been ibrmed, but are comparatively unimportant 



The bichloride, or a solution of peroxide of platinum, can be at once recog- 
nized by the yellow precipitate with sal-ammoniac,^ decomposable by heat,, 
with production of spongy metal. ^ 



Bichloride of platinum and the sodio-chloride of platinrun are employed in 
analytical investigations to detect the presence of potash, and separate it from 
soda. For the latter jmrpode, the alkaline salts are converted into chlorides, 
and in this condition mixed with four times their weight of sodio-chloride ot 
platinum in crystals, the whole being dissolved in a little water. When the 
ibrmation of the yellow salt appears complete, alcohol is added, and the pre- 
cipitate collected on a weighed filter, washed with weak spirit, carefully 
dned, and weighed. The chloride of potassium is then easily reckoned from 
the "weight of the double salt, and this, subtracted from the weight of the 
mixed chlorides employed, gives that of the chloride. of sodium by difference ; 
100 parts of potassio-chloride of platinum correspond to 35'06 parts of chloride 
of potassium. 

Capsules and crucibles of platinum are of great value to the chemist ; the 
latter are constantly used in mineral analysis for fusing siUceous matter with 
alkaline carbonates. They suffer no injury in this operation, although the 
caustic alkali roughens and corrodes the metal. The experimenter must be 
particularly careful to avoid introducing any oxide of an easily-fusible metal, 
as that of lead or tin, into a platinum crucible. If reduction should by any 
means occur, these metals will at once alloy themselves with the platinum, 
and the vessel will be destroyed. A platinum crucible mu^ never be put 
naked into the fire, but be always placed within a covered earthen crucible. 

rALLAJiimi, 

The solution of crude platinum, from which the greater part of that metal 
has been precipitated by. sal-ammoniac, is neutralized by carbonate of soda, 
and mixed with a solution of cyanide of mercury ; cyanide of palladium sepa- 
latea as n whitish, insoluble substance, which, on being washed^ dried, and 



hetHbod to i>ediw08, jiMs metalUc paltadinin in a spongy fltate. The psUBimm 
id 4ken wielded into « niftss, in ibe mtme mAimer as platumm. 

Palladhm 4limeif cQiresponds unth platiBmB an odor, «ppQai»nce» md 
liifficuU fusibititf ; it is also very^maUeable and dudtite. hx ^isBaAty it tdifieis 
irmj maoh ftom that metal, being inljr 11*8. PaUadimn is moie oxidaUe 
Ihan platinum. Wb en heated to redness in the air, especially in Itbe statB of 
4pODge, it acquires «bhie«nr poipte snpeificial film of oxide, wbieh iavgua 
jwluoed at a white heal This metal is rioaviy attaeted by nilzic aoid ; its 
test solveQt is <aqua icgia. Theore are two etHnpounds ef paUadiuan and 



The eqmi«tent of palbKliom itf S3'87 ; its <symbol is BL 

Pbotqxhkk or r*MJLMm30», \PdO.^^This is obtained by euapomlnig^lD -diy- 
nass, and oaotioiitly heating/the solutian of palkuffimn in mtrie racid. Jt is 
blacfc, aad but little sohibie on laoids. TktB hydrate falte :as a dark liioeir& pro* 
iSpitate, when eaibomte cif .soda as added ito the above sofaitian. It ia^daoam* 
jMsed by a strong heat 

Pnoxiia ov baxulshix. Pd02.-^!rhe pais peroxide is ireiy diflleult to 
obtain. When tdkitkm of oanstio potash is poured little by little, with eon* 
alaut stirring, upon the double ch]ori4e of pfdkdium smd .potassium in a dry 
state, the latter is converted into a yellowish brown substance, which is the 
peroxide, in combination with water and a little alkali. It is but feeUy solu- 
Ueinaeids* 

VuiyrocrnvnoDM «r vjijauaitxaL PdQ.<^Tbe sOhitionof the m«tal ln>aqaa 
regia yields this substance when evaporated <to dayness. It is a daopkhrowB 
mass, soluUe in water when the heat has not been too great, and forms double 
salts, with nlany metiillic chlorides. The potassio and ammonioK^orides of 
palladium are ^nueh more soluble than ; those <)£ platinum ; th^.haTO va ^xty- 
yeltow tint 

PxBGHLoazsX ov :9MU4Aaiux only exists in solution, and in combination 
•with the alkaline chlorides. It is formed when the protoohloride of palladium 
is digested in aqua regia. The solution has too. mtenae brown oolocyaad is 
doGomposed by evaporation. Mixed with chloride of .potassium or sal<«j»mo- 
siac^ it gives rise to a redi-erystal^Qe precipitate of double sak, which is but 
Uttle soluble in water. 

A4ulphurtt of palladium^ PdS, is fanned by fusing tliemelBl with su^huTi 
or by preeipitatiog a solution of prptoohloride by siUpbuietled hydrpgan. 



A pdlkidium aalt m well marked hy the pale 7el}0W«9h<«<^hifee preeqpilBte 
with sohition of cyaaide of metottiy, tconvertablie by heait into the «pGi^ 
watal. 



Palladium is readily alloyed with other motels, as e(4>pe]:; one of tfiese 
oempounds has been applied to useful puiposes. A native alloy of jold widi 
paUadium is fom^ in tl^ JSrastls^ and imported into iBKgland. 

BHODIUX. 

The solution from which platinum and palladium have been separated in 
flie maimer deflerihedf is. mixed with hy dmohlerio aoid, and '«vapofated to 
dqmess. The residttB is treated with al^ahol of ^eeifie •gravity ^37, which 
dissolves eveiything except the double ahlorids of Thodium and sodium. 
mhtsis W(^ washed with spirit, dried, heated to whiteneaa, aad then boiled 
with water ; chloride of sodium is dissolved out, and metallic rhodium remains. 



Tbixr«b«aiiied^ tbadiiiln i^9 vMte, adihi&teiatfjtpoioigy mflts^ whidb. is iiifiirilAd 
and iamBpakliei of Mag y^eld&dL It may l^ had^ however, m » mote ootspacC 
atttvbf'foritigit with anteniKov svtpluUraad. eicpoaing the compound to a 
higli tsmpenttiM Ukotaaumvnih. km. It then aoqiavM a^spiseifie grayitf <if 
11. 

BhodUnm i» yeiybzitttd'; tednoed to powder and heated in the air, it bc^ 
oooKs oxidiaed, and the none attevatiaii happens to a greater extent whefi it 
is fosed with mtxajie or bistilphate of potash. None of the a^ds, singly or 
ODDJoiiied, dissolve this metal^ unless it be in die stata of allojr, as with plali- 
nimiy in whidi oase it is attacked ,1^ aqua regia. 

The equivalent oC irhodium is 53*11, Its symbol is R. 

OxiDB ov BHODinx. Rg'O.. — ^Finely-powderod metallie rhodium is heated 
in a silver cvncible with, a nuytnre of hydrate of potash and nitre ; the iuAed 
nasB bqiled wilh water leav^ss a dark*brown, insoluble sabstancO) oonsiBting 
of oxide of rhodium in union with potash. ThJb is digested with hydrochioria 
acid, which removes the potash, and leaves a greenish-gray hydrate of the 
oxide of rhodium, insolublet in acids. A soluble modification of the same 
substance, retaining^ howBver^ a portion of alkali, may be had 'by adding apt 
excess of carbonate of potash to the double chloride of rhodium and potassimn, 
and evaporatfc^ Another oxidey containing a smaller proporticxi of oxyge% 
is supposed to exist, but has not been obtained in a separate state. 

Chlokibb or aaonivx.. BjCl,^ — ^The^pure chk>ride is prepared by adding 
hydroflnosiHcic acid to the doable chloride of rhodium and potassium, evapo- 
rating- the ftlteted fotution to dryness^ and dissolving the residue in water. It 
forms a brownishrred cteliquescent mass, soluble in water, with a fine red color. 
It is deoompoeed by heat into chlorine and metallic rhodium. The chhriSB 
rf rhodium ami potiutium, R^l^-f-dKCl-f-SHO, is prepared by heating in- a 
stream of ehlor^ a mixture of equal parts finely«powdered rhodium and 
ehknride of potassium. This salt has a fine red color, is soluble in water, and 
crystallizes in 4<ided prisms. Chkride of Huodimn and iodium is also a verf 
boBuitifiil red salt, obtained by a simitar {^ooess; it contains R^Cl^+dNaCl-^ 
18H0. The chbride^ ofrhodnun and ammtnxam reeembles the potassium com* 
pound. 

SuKPVAtt OP BifOBiiiaf. RjO^SCV^-The sulphoret of rhodium, obtained 
by preeipitBting one of the salts by a soluble sidphuret, is oxidized by strong 
mtrie add. Tl^e product is a brown powder, niisarly insoluble in nitric aeid, 
but dissolved by water; it cannot be nmde to crystallize. Ai^fiAafe o/rhedhmt 
andpotanium is ptoduced when metallio rhodium is strongly heated wiA 
bisu^hate oi poiasliu It is a yellow salt, slowly sotuble in cold wat^; 



An alloy of steel with a small, quantity of rhodium is said to possess ex- 
tremely wdoable pioperties; 

iBinnrx. 

When erode platinum is dissolved in aqua regia, a. small quantity of a bladi 
scaly metallio substance usually remains behind, having altogether resisted 
the action of the acid ; this is a native allc^ of widuMn, and atmmnk It is ie« 
dttoed to powder, mixed with an equal weight of dry chloride of sodium, aoul 
heated to redness in a glass tube through which a stream of moist chlovimE 
gas is transmitted. The further extremity of the tube is connected Mnith a sv 
ceiver containing solution of ammonia. The gas, under these circumstances, 
ia lapidly absorbed, chloride of iridiunir and idiloridba of bsatinm being pio- 
duced; tb» lemwr reraaine m. ecMnbinBlaoii with the chloride of sodittm; iSbtt 



ST8 IBIDIUX. 

latter, being tt volatile sidsotanoe, is carried finrwardinto the reeeiTor, where 
it ia decomposed by the water into osmic and hydrochloric acids, which coni» 
bine with the alkalL The contents of the tube when cold are treated with 
water, by which the double chloride of iridium and sodium is dissolved out; 
this is mixed with an excess of carbonate of soda, and evaporated to dryness. 
Tlie residue is ignited in a crucible, boiled with water^ and dried ; it then 
consists of a mixture of oxide of iion, and a combination of oxide of iridium 
With soda ; it is reduced by hydrogen at a high tempemture, and treated suo- 
cp^sively with water and strong hydrochloric acid, by which the alkali and the 
iron are removed, while metallic iridium is left in a divided state. By strong 
pressure and exposuito td a white heat, a certain degree of oompactness may 
be communicated to the metal. 

Iridium is a whit^, brittle metal, fusible with great (difficulty before the oxy- 
hydrogen blow-pipe.* It is not attacked by any acid, but is oxidized by fusion 
with nitre, and by ignition to redness in the air. 

The equivalent of iridium is 98*68. Its symbol is Ir. 

Oxf MS or IRIDIUM. — ^Four of these compounds are described. ProUaide tf 
vridiuniy IrO, is 'prepared by adding caustic alkali to the profcochloride, and 
digesting the precipitate in an acid. It is a heavy black powder, insoluble in 
acids. It may be had in the state of hydrate by precipitating die protochlo- 
ride of iridium and sodium by caustic potash. The hydrate is soluble in 
acids with dirty green color. Seaqtdoxick, IrjOg, is produced when iridium 
is heated in the air, or with nitre; it is best prepared by fusing in a silver 
omcible a mixture of carbonate of potash and the perehloride of iridium and 
potassium, and boiling the product with water. This oxide is bluish-black, 
knd is quite insoluble in acids. It is reduced by combustible substances with 
explosion. Binoxide of iridkim, IrO^, is unknown in a separate state ; it is 
supposed to exist in the sulphate, produced when the snlphuret is oxidized by 
nitric acid. A solution of sulphate heated with excess of alkali evolves oxy- 
gen gas, and deposits sesquioxide of iridium. Peroxide of tridmm, IrO,, is 
produced when carbonate of potash is gently heated with the perehloride of 
iridium ; it forms a grayish-yellow hydrate which contains alkali. 

Chlorides or iridium. — Frotochhridej IrCl, is formed when the metal is 
brought in contact with chlorine at a dull red heat ; it is a dark olive-green, 
insoluble pow4er. It is dissolved by hydrochloric acid, and forms double 
salts with the alkaline, chlorides, which have a green color. The. weiquichbh 
ride, Ir^Clg, is prepared by strongly heating iridium with nitre, adding water, 
and enough nitric acid to saturate the alkali, warming the mixture, and then 
dissolving the precipitated hydrate of the sesquioxide in hydrochloric acid. It 
forms a dark yellowish-brown solution. This substance combines with me- 
tallic chlorides. Bicfdoride of iridium is obtained in solution by adding hydro- 
fluosilicic acid to the bichloride of iridium and potassium, formed when chlo- 
rine is passed over a heated mixture of iridium and chloride of potassium. 
It forms with metallic chlorides a number of double salts, which resemble the 
platinum-compounds of the same order. Perchbride of hidiun% IrCl,, is un- 
known in a separate state. Perehloride of iridium and potattmm is obtained 
by heating iridium with nitre, and then dissolving the whole in aqua regia, 
and evaporating to dryness. The excels of chloride of potassium may be ex- 
tracted by a small quantity of water. The crystallized salt has a beautiful red 
ootor. The variety of tints exhibited by the different soluble compounds of 
iridium is very remarkable, and suggested the name of the metal, from the 
word iris. 

f It is the heaviest substance known, its speeific mvity, according to Professor Hare } 
heing 21& Proceedings of the Amer. Phil See., May and June, 1848.— B. B. 



osxiuif. Vff9 

Platinmn, palladium, and iridium, combine with carbon when heated in the 
flame of a spirit-lamp ; they acquire a oovering of soot, which when bumed 
leayes a kind of skeleton of spongy metaL 

osxiux. 

The solution of osmic acid in anmionia, already mentioned, is gently heated 
for some time in a loosely-stopped vessel; its original yellow color becomes 
darker, and at length a brown precipitate falls, which is a combination of 
sesquioxide of osmium with ammonia : it results from the reduction of the 
osmic acid by the hydrogen of the yplatile alkali. A little of the precipitate 
is held in solution by the sal-ammoniac, but may be recovered by heating the 
clear liquid with caustic potash. The brown substance is dissolved in hydro- 
chloric acid, a little bydrocblorate of ammonia added, and the whole evapo- 
rated to dryness. The residue is strongly heated in a small porcelain retort; 
the oxygen of the oxide combines with hydrogen from the ammonia, vapor of 
water, hydrochloric acid, and sal-fUnmoniaCf are expelled, and osmium left 
behind, as a grayish porous mass, having the metallic lustre. 

In the most contact state in which this metal can be obtained, it has a 
bluish-white color, and although somewhat flexible in thin plates, is yet easily 
reduced to powder. Its specific gravity is 10; it is neither fusible nor volatile. 
It burns when heated to redness, yielding . ostnic acid, which volatilizes. 
Osmiate of potash is produced when the metal is fused with nitre. WheR in 
a finely-divided state, it is oxidized by strong nitric acid. 

The equivalent of osmium is 99*56. Its symbol is Os. 
. OxiDKS o¥ osxririf. — ^Four compounds of osmium with oxygen are known. 
Trotoxide^ OsO, is obtained, in combination with a little al^li, when caustic 
potash is added to a solution of protochloride of osmium and potassium. It 
is a dark green powder, slowly soluble in acids. /SSes^uuxrufe, Os^Og, has 
already been noticed; it is generated by the de-oxidation of osmiate of 
ammonia; it is black, and bi^t little soluble in acids. It always contains 
ammonia, and explodes feebly when heated. PertaitU of Onimim, OsO,, is 
prepared by strongly heating in a retort a mixture of carbonate of soda and the 
perchloride of osmium and potassium, and treating the residue with water, 
and afterwards with hydrochloric acid. The peroxide is a black powdery- 
insoluble in acids, and burning to osmic acid whon heated in the air. 0$mic 
acidy OsO., is by far the most, important and interesting of the oxides of thi» 
metal. It is prepared by heating osmium in a current of pure oxygen gas ; 
it condenses in the cool part of the tube in which the experiment is made, in 
colorless transparent crystals. Osmic acid melts and even boils below 212^;i 
its vapor has a peculiar oflensive odor, and is exceedingly irritating and 
dangerous. Water slowly dissolves this substance. It has acid properties, 
^nd combines with bases. Nearly all the metals precipitate osmium from a 
solution of osmic acid. 

, GHLOKinti or osxium. — Protochloride^ OsCl, is a dark green crystalline 
substance formed by gently heating osmium in chlorine gas. It is soluble in. 
a small quantity of water, with green color, but decomposed by a large 
quantity into osmic and hydrochloric acids, and metallic osmium. It forms 
double salts with the metallic chlorides. The utqukhkride, OsgClj, has not 
been isoliited; it exists in the solution obtained by dissolving sesquioxide in 
hydrochlorio acid. Perc/Ubru/e, OsCi,, in combination with chloride of.po-. 
tassium, is produced when a mixture of equal parts metallic, osmium and the 
last-named salt is strongly heated in chlorine gas. It forms fine red octahedral 
crystals, containing OsCl^^KCL 

Osmium combines also with sulphur, and with phosphorus. 
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Ob»a»io^ substtmeeS) whether directly derrred tifom Ihe l^egetaKIe oar animal 
kingdom, or produced by the anbeequent modificatioii of bodies which thus 
eriginate, aire remarkable as A class i)t a degree of complexity' of constitution 
fkr exceedilig that observed in any of the compounds yet deseribed. And yet 
the number of eleniients which enter into the composition, of these subslances 
is extremely limited;- very few, oompaiatirely peaking, contain more than 
ibur, vi£*., carbon, hydrogen^ oxygen, and nittogen; sulphur aztd phosphorus 
are occasionally associated wi^ theses in certain natural prbducts, and com* 
pounds containing chknrine, iodine, avsenic, &c.,have been' formed by artificial 
means. Thi# jmucity oretementary bodies is compensated by the very pecu- 
liar and extraordinaTy.propcmies.of the ibur flist-mentioaed, which possess 
<lapabili^est)f combinatioii to which the remaining elements ikre strangers. 
Tliere appears to be absohitely no limit to the number of definite, and often 
(Biystallizable, substances which can be thus generated, each marked by a per- 
fect individUalirf of its own. 

The mode<of associaticmaf the elethenCsof organiis substances is in geneml 
irtiogetber diffi»ren« fiffxa that so obvious in thO' other diVisiotiof tiie seieBoe. 
The Mtteir is invari&biy chanuiterifeed b^ what may be termed a Mnory plan 
of oombinatktti, union lakiiBg place hetw^besA paitf af elements, and the com- 
poupds so produeed agadii' uniting themseli>es ftr other compound' bodies in 
&e sBtne manner. Thus, copper a&d oxygen combine to oxide of copper, 
jkotatoiton- and oatyffen to potash^ st^hur and cacygen' to sulphuric acid ; sul- 
phuric acid) in tt» turn, combines bodi with oxide of copper and oxide of po- 
tassium, generating a pair of salts, which afe again capable of uniting to fbrm 
the dOttUe compound, CuO, SO94'^'0> ^^ 

The most oomplicatod praducts of inorganic chemisUiy may- be thus shown 
to be built up by this repeated pairing on the part of tibeit constituents. With 
organic bodies, however, the case is strikingly different; no sueh arrangement 
liasa. here be traced In sugar, C^Hj^O^j) ormoTphia) ^sflJ^O^ or the 
ilidioal of bitter afanond oil, C^^afiy and a multitude of simillff cases, the 
elements concerned are, as it were, bound up together into a siUgle whole, 
which can enter into combination with other substances, ted be thenoe dis* 
engaged with properties unaltered. 

A curious con^uenoe of this peculiiurity id to be- ftmml nk the eotnpaM- 
titely nmtahle character of organic compounds, and their genefai proneness 
t& decompositioii' and chuige, when tl^e balance' c€ oppctsing Ibrees, to which 
lilety ewe theif «d6teneet beootaes deranged by sexme exteMal ctmse; 

If a complex inorganic substance be attentifeiy donsSderlid, it wiH asaalty 
be ibund that the etoments afe combined uft inch ft manfter ai^to M&tfy the 



nnwxmNjcjEuiM* 9BK 

BK»t fcm&fvti affiniti^A and .10 gm rise tp a Hslft of reiy cpiiskl^«b]e pezti 
manence and durability. But in the case of an ocgamc substance oontainjng 
tbree-OE iew elemcaiis aeraoiated in th» w^ desenlMy tkia i« yerf far fiDm 
being tzue^ tjb^ ettrbeii and exxgen stioiigly tiend tt> mritir t/fSana uariwui o 
aeidt) thc^ b}sdi9geft aad- oadygei^ aMnst eachr odwr in a< powvtiui Boaimeis and 
ibe aitani^ei^ if thai bo^ }x> present^ alaoi oomiribiitet' its Aate to these inteit* 
nal sources of weakness by its disposition to generate aramonku While the 
opfooiiig- ftree» settiaifii ezaetly batedeedy the integrity of the oompound is 
pieaeived,. batf && aomtfot one of them ftoiR> some aecidental eanae ae q aiw 
prepoudenypoe over the lesl^ equilibrium is destioyedf and the organic pri^ 
ciple breaks up into two er mora new bodies of sin^ler and mom permanent 
constitution. The agency of heat produces this effect by exalting the attiao- 
tion of oocygen £» hgrdM^ni^aad oarbon^ henee the idmost muY«nai destrueti- 
l»litgr of ^igMiMS substances 1^ a high tempeiatute-. 3ieee nnlecular dis* 
turbaqoe of any kind nu^ cause deatruction wlien die instability is yevy 
great. 

As a genwal rule it may be, assumed, that those bodies whieh are most 
complex from the niunber of elements, and the want of simplicity in tlieir 
equivalent v^ation8,.are by constitution weakest, and least capable of resisting 
the action of disturbing forces ; and that this susceptibility of diange dimin* 
ishes with increased simplicity of structure, until it reaches its miiiimum ki 
tiiose bodies which, like the carburets of hydrogen, cyanogen, and Oxalic acid, 
eomieot, by imperceptible gradati£xis,>the oiganio and the mineral departments 
oC chemical science. 

homerk bodies, or substances different in properties, yet identical in oom^ 
position, are of ccmstant occurrence in organic chemistry, and stand, indeed^ 
among its most striking and peculiiEtr features. Every year brings to ligbt 
fresh examples of compounds so related. In. most cases, disocxrdance in pro* 
perties is fairly and properly ascribed to difference of constitBtkm, the ele* 
DQients being differently arranged. For instance, formic ether, and acetate of 
methyle, axe isomerio, both conti^ning C^H^O^; bat then the first is by strong 
analogy, if nothing more, supposed tc> consist of formjo acid, CjHO,, combined 
'With edier, C^H^O; while the second is imagined, with equal justice, to be 
■oade up of aoetie aeid, C4H3O3, and the ether of wood-spirit, CJStfi^ And 
litis metiiod of explanation is generally sufficient and satis&otory; when it 
can be shown that a diSereoce oi constitution, or even a d^erenee in the 
eqaivalent numbers^ exists between two or more bodies identical in ndtiatate 
compositiim, the rewm. of their discordant characters beoonas, to a oertaiB 
extent, intelligible. 

Organic bodies may be thus classified: 

.1. QiMuiefcffMRtery tubatancei^ and their comp6imd& These affbct the di» 
position and characters of the true elements, and, like the latter, evmee a tend^ 
ency to unite on the one hand with hydrogen and the metajd, afod on the 
other, with chlorine, iodine, and oxygen. The former are designated orgamie 
aalt^adieaU^ and the latter, orgamc taU banfies* €om p amtiveiy fow of eitbeo 
kind have been, yet iseiatad, and it is veiy possftile that yery^maDy of them 
are unable to exist in a separate state. These* quastelements are at preeeni 
the most important and interesting suhstanoes in oi^anic chemistry. 

2. Organic saU-beueSj not being the oxides of known: radicals. The princi* 
pal members of thie elassare the ve^dtoalkalia,* theyfosm erystailizable oem- 
pounds with acids, organic and inoiganic, and even possess* in some casevai 
distinct alkaline reaction to test*pi^»er. 

3. Orgame adda^ not being obmpoiuideofi known) rscHoalk These Oodiee 
are very numerous and important Many of them have an inten9ely sour 
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taste, redden vegetable blues, and are almost comparable in chemicid energy 
with the acids of mineral origin. 

4. Neuiral non-axatized mtbitanceii containing oxygen and hydrogen in ihe 
pro|X)rtions to form water. The term neuireU is not strictly correct, as these 
compounds usually manifest feeble acid properties by combining with metallic 
oxides. This group comprehends the sugars, the diiferent modifications of 
starch, gum, &c, 

5. Neutral cuBotized mbttamta; the albuminous principles and their alUes, 
the great components of the animal frame. These are in the highest degree 
complex in constimtion, and are destitute of the faculty of crystallization. 

6. CarburetB of hydrogen^ their oxida aakd derwatwet, 

7. Fatty bodiet, 

8. Compound adds containing the ekmenti of an organic nAetance in combina- 
Hon tnth thoee of a mineral or other acid. These bodies form a large and very 
interesting dass, of which sulphovinic acid may be taken as the type or re* 
presentative. 

9. Coloring pnnc^lee, and other substances not referable to either of the 
preceding classes. 

The action of heat on organic substances presents many important - and 
interesting points, of which a few of the more prominent may be noticed. 
Bodies of simple constitution and of some permanence, which do not sublime 
unchanged, as many of the organic acids yield, when exposed to a high, but 
regulated temperature in a retort, new compounds, perfectly definite and often 
crystallizable, which partake, to a certain' extent, of the properties of the on- 
g^nal substance; the numerous pyro<u:id$, of which many examples will occur 
in the succeeding pages, are thus produced. Csurbonic acid and water are 
often eliminated under these circumstances. If the heat be suddenly raised 
to redness, then the regularity of the decomix)sition vanishes, while the pro- 
ducts become more uncertain and more numerous; carbonic acid and watery 
vapor are succeeded by inflammable gases, as carbonic oxide and carbn* 
retted hydrogen ; oily matter and tar distil over, and increase in quanti^ until 
the close of the operation, when the retort is found to contain, in most cases, 
a residue of charcoal. Such is destructive distillation. 

If the organic substance contain nitrogen, and be not of a kind capable of 
taking a new and permanent form at a moderate degree of heat, then that 
nitrogen is in most instances partly disengagied in the shape of ammonia, 
partly left in combination with the carbonaceous matter in the distillatory 
vesseL The products of dry distillation thus become still more complicated. 

A much greater degree of regularity is observed in the effects of heat on 
fixed organic matters when these are previously mixed with an excess of 
strong alkaline base, as potash or lime. In such cases an acid, the nature of 
which is chiefly dependent upon the temperature applied, is produced, and 
Remains in union with the base, the residual element or elements escaping in 
tome volatile form. Thus benzoic acid distilled with hydrate of lime, at a 
dull red heat, yields carbonate of lime and bicarburet of hydrogen, or benzine; 
Woody fibre and caustic potash, heated to a very moderate temperature, yield 
ulmic acid and free hydrogen; with a higher degree of heat, oxalic add ap- 
pears in the place of the ulmic; and at the temperature of ignition, carbcmic 
acid, hydrogen being the other product 

• The spontaneous changes denominated decay and putrrfadionj to which 
many of the more complicated organic, and, more particularly, iazotized prin* 
ciples are subject, have lately attracted much attention. By the expression 
deeay^ Idebig and his followers understand a decomposition of moist organic 

* Or, ercmocaims, that is, slow borninf . 
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matter, freely exposed to the air, by the oxygen of which it is gradually 
burned and destroyed, without sensible elevation of temperature; the term 
pnUrefadiian^OTk the other hand, is limited to changes occurring in, and beneath 
the surface of water, the effect being a mere transposition of elements, or 
metamorphosis of the organic bod]^. The conversion of sugar into alcohol and 
carbonic acid furnishes, perhaps, the simplest case of the kind. It is proper 
to remark, however, that contact of oxygen is indispensable, in the first in« 
stance, to the change, which, once begun, proceeds without further aid of any 
other substance, external to the decomposing body^ unless h be water or- its 
elements. Every case of putrefaction thus begins with decay; and if the 
decay or its cause, namely, the absorption of oxygen, be prevented, no putre> 
faction occurs. The most putrescible substsmces, as animal flesh intended for 
food, milk, and Iiighly azotized vegetables, are preserved indefinitely, by en> 
closure in metallic cases, from whicl^ the ak has been completely removed and 
excluded. 

Some of the curious phenomena of communicated chemical activity, where 
a decomposing substance seems to involve others in destructiVe change, which, 
without such influence, >vould have remained in a permanent and quiescent 
state, will be found notic/ed, in their proper places, as under the head of Vin- 
ous fermentation. These actions are yet very obscure, and require to be dis- 
cussed with great caution. 



THX ULTIMATB AVA£TSIS OF OneAiriC BODIXS. 

As organic substances cannot be produced at will from their elements, the 
analytical method of research is ^one applicable to the investigation of their 
exact chemical ooihpositicHi; hence the ultimate analysis of these substances 
becomes a matter of great practical importance. The operation is always exe- 
cuted by causing cbmplete combustion of a known weight of the body to be 
examined, in such a manner that the carbonic acid and water produced shall 
be collected, and their quantity determined ; the carbon and hydrogen they 
respectively contain may from these data be easily calculated. When nitro- 
gen, sulphur, phosphorus, chlorine, &c., are present, special and separate 
means are resorted to ibr their estimation. 

The method to be described for the determination of the carbon and hydro- 
gen owes its conveiuence and efiiciency to the improvements of Professor 
Liebig: it has superseded aU other processed, and is now invariably employed 
in inquiries of the kind. With proper care, the results obtained are wonder- 
folly correct, and equal, if not surpass in precision^ those of the best mineral 
analyses. The principle upon which the whole depends is the following : — 
When an organic substance is heated with the oxides of copper, lead, and 
several other metals, it undergoes complete combustion at the expense of the 
oxygen of the oxide, the metal being at the same time reduced, either com- 
pletely, or to a lower state of oxidation. This effect takes place with greatest 
ease and certainty with the black oxide of copper, which, although unchanged 
by heat alone, giyes up oxygen to combustible matter with extreme facility. 
When nothing but carbon and hydrogen, or those bodies together with oxygen, 
are present, one experiment sufiices; the carbon and hydrogen are determined 
directly, and the oxygen by difiference. 

It is of course indispensable that the substance to be analyzed should pos- 
sess the physical characters of purity, otherwise the inquiry cannot lead to any 
good result ; if in the solid state, it must also be freed with the most scrupu- 
lous care from the moisture, which many substances retain with great obsti- 
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tmey. if it will bear the appQcatdoii ofmoderate heat, this desiccation is yerjr 
easily aooomplished by a water or 8team>4mth; in other cases, exposure at 
oommon temperatures to the absorbent powers of a large surflkoe of oil oB 
fkaol in the VBcamn of an air-pump, most be sobstitoted. 

The operation of weighinj^ tbc chsied powi^ier is 
Fig. 143. conducted in a nsmrow open tube about 2|t or 3 indieff 

long ; &e tube a£id substance are weighed together, 
and when the tatter has been removed, the tube 
with any fittle adherent matter is re-weighed. Thia 
weight, subtracted fbcnn the former, gives the wei^t 
of the substance employed in tixe experiment. As 
only 5 or 6 grains are used, the weighings should not 
involve a greater error than j^jfth part of a grain. 
The oxide of copper is best made iiom the nitrate, by 
complete ignition in an earthen crucible ; it is rednoecf 
to powder, and re-heated just before use, to expel 
hygroscopic moisture, whidi it absorbs, even while 
warm, wi& avidity. The combustion is performed in a tube of hard white 
Bohemian glass, having a diameter of *4 or *5 inch, and in length varying 
iiom 10 to 14 inches ; this kind of glass bears a moderate red heat without 
becoming soft enough to lose its shape. One end of die tube is drown out to 
a point, as shown in fig. 144, and closed ; the other is simply heated to fuse 
and soften the sharp edges of the glass. The tube is now two-thirds filled 
with the yet warm oxide of copper, nearly the whole of which is transferred 
to a small porcelain or Wedgwood mortar, and very intimately mixed with 
ihe organic substance. The mixture is next tmasierred to the tube, and the 
mortar rinsed with a little fresh and hot oxide, which is added to the rest; 
the tube is, lastly, filled to within an inch of the open end with oxide frooL 
the CEocildQ. A few gentle taps on the t&ble suffice to shake together the 
contents, so as to leave a. free passage for the evolved gases from end to end. 
The arrangement of the mixture, and. oxide in the tube is represented in tfaa» 
sketebb 




Fig. 144. 




Oxide ccHnier. Mixtare. 


Ozid» copper. 


\ \ 
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Durmg this mixing operation a Gttie moisture will have beeb absorbed 
from the air^ however quickly it may have been conducted. To remove this, 
the tube is connected by a coi^ to a long tube filled with fragments of chloride 
of calcium^ 10 whieh is attached a little exhausting'Sjrringe, screwed to the 
table. Hot sand, contained in a wooden trough, is placed around the combus* 
tion tube, and e^austion slowly made. ' After a short interval, the stopcock 
is opened, and air allowed to euter, which becomes completely dried in its 
passage inwards. These aifiexnate exhaustions and admissions of dry air are 
repeated four or five times. 



F^. 145 ibowi tbe whole acnuigeiuent. 

The tube is ihea tsadf to be placed in ihe furnace oi chauffer; this latter 
ia conitnictad of thin shee^iron, and ii furnished with a series of mppottB of 
•qual height, which eeire to prevent Bexore in the combuslioiMube when 
tofteoed by heat. The chauffer ia placed upon flat Itricks, or a piece of Btcwo, 

Fig. 146. 



(t fig. 149,) BO that but iittle air can enter the grating, unleM the whole bo 
purposely raised. A slight inclination (_f, fig. 149) ia also given towards th« 
eitremi^ occupied by the mouth of the combustion tiriiB, which passes through 
a bole pEDvided Jbr the purpose. 

To collect the water produced in the ezpeoment, a small light tube of the 
Ibrm represented in fig. 147, flUed with fragmenu of spongy chloride of 



ng. 146. 
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calciiun, is attached by a perforated cork, thoroughly dried, ii 
eitremi^ of Ibe combostion-tube. The cadxinic acid is conde 
aohition of caustic potash, of specific gravity 1'2S, which is contained ii 



small ghas apparatus, fig. H8, (m-flg. 149,) on the principleofoWoulfe's bottle. 
The FonDec^n between ihe Intter and the diloride of calcium-tube is completed 
by a little tube of caoutchouc, (c fig. 149,) «curedwiih sat ooid. The whole 
IB sbown below, as arranged Tor use. Both the chloride of calciuoftube Bod ihe 
paiasb«|ipBratiu are weighed with the utmost cate before the eipetimem. 

Fig. 1«. 



The tightness of the junctions may be ascertained by slightly rarefying the 
included air by sucking a few bubblBB from Ihe interior through the liquid, 
using the dry lips, or a little bent tube with a perlbraied cork ; if the difference 
of level of the liquid in the two limbs of the potash-apparatus be preserred tot 
several miaules, the joints are perfect. Red-hot charcoal is now placed nrouod 
the anterior portion of the combustion-tube, a, containing the pure oxide of 
copper, and when lliis is red-bot, the fire is slowly extended towards the fiu- 
ther extremis by shiftiiig Ihe movable screen g, represented in the drawing. 
The experiment must be so conducted that a uniform stream of carbonic acid 
shall enter the potash-apparatus by bubbles which may be easily counted; 
when no nitn^en is ptesent, these bubbles ate towards the termination of [he 
experiment ahnoal completely absorbed by Ihe alkaline liquid, the Utile resi- 
due of air alone escaping. In the case of an azotized body, on the contraty, 
bubbLes of gas, nitrogen, pass through the potasb-solulion during the whole 

When the ttibe has become completely heated fhim end to end, and no 
more gas is disengaged,but, on the other hand, absorption begins to be evident, 
the coals are removed from the further eitremity of the combustion-tube, and 
the point of the latter broken off. A little air is drawn through the whole 
apparatus, by which the remaining carbonic acid and watery vapor are secured. 
The parts are, lastly, detached, and the chloride of calcium-tube and potash- 
apparatus re-weigbsd. The following account of a reel experiment will 
serve as an illustration ; the substance examined was crystallized sugar. 

Quantity of sugar employed . , 4'750 grains. 

Potash-apparatus weighed aAer experiment 781'13 
" " botbre experiment 77382 
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7*31 gr. carbonic acid ^ ]'994 gr. carbon; and 2*75 gr. water = '3056 gr. 
hydrogen ; or in 100 parts of sugar.* 

Carbon 41*98 

Hydrogen 6*43 

Oxygen, by difference . • . . 51*59 




100- 

When the organic substance cannot be mixed with the oxide of copper in 
the manner described, the process must be slightly modified, to m^et the par- 
ticular case. If, for example, a volatile liquid is 
to be examined, it is enclosed in a little glass J^^. 150. 

bulb with a narrow stem, which is weighed be- 
fore and after the introduction of the liquid, the 
poiQt being hermetically sealed. The combustion- 
tube must have, in this case, a much greater length; 
and as the oxide of copper cannot be introduced 
hot, it must be ignited and cooled out of contact 
with the atmosphere, to prevent absorption of j^^^^ 

wateiy vapor. This is most conveniently effected 
by transferring it, in a heated state, to a large 
platinum crucible, to which a close-fitting cover 
may be adapted. When quite cold, the cover is 
removed, and instantly replaced by a dry glass 
iunnel, by the assistance of which the oxide may be directly poured into the 
combustion-tube, with mere momentary exposure to the air. A little oxide is 
put in, then the bulb, with its stem broken at a, a file-scratch having been 
previously made; and, lastly, the tube is filled with the cold and dry oxide 
of copper. It is arranged in the chaufibr, the chloride of calcium-tube and 
potash-apparatus adjusted, and then, some six or eight inches of oxide having 
been heated to redness, ^e liquid in the bulb is, by the approximation of a 
hot coal, expelled, and slowly converted into vapor, which, in passing over the 
hot oxide, is completely burned. The experiment is then terminated in the 
usual manner. Fusible, fatty substances, and volatile concrete bodies, as cam- 
phor, require rather different management, which need not be here described. 

Oxide of copper which has been used may be easily restored by moistening 
with nitric acid, and ignition to redness; it becomes, in fact, rather improved 
than otherwise, as afler frequent emplojrment its density is increased, and its 
troublesome hygroscopic powers diminished. For substances which are very 
difficult of combustion, from the large proportion of carbon they contain, and 
iox compounds into which chlorine enters as a constituent, fiised and powdered 
chromate of lead is very advantageously substituted for the oxide of copper. 
Chromate of lead fireely gives up oxygen to combustible matters, and even 
evolves, when strongly heated, a little of that gas, which thus ensures the per^ 
feet combustion of the organic body. 

jinalygis of azotized subatancea. — ^The presence of nitrogen in an organic com- 
pound is easily ascertained by heating a small portion with solid hydrate of 
potash in a testptube ; the nitrogen, if present, is converted into ammonia, which 
may be recognized by its odor and alkaline reaction. There are several me- 
thods of determining the proportion of nitrogen in azotized organic substances, 
the experimenter being guided in his choice of means by the nature of the sub* 

*The theoretical composition of sugar, CatHgaO^i, reckoned to 100 parts, gives- 
Carbon 43*11 

Hydrogen 6 43 

Oxygen 51*40 

100- 
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flCftBoe snditooatBipafAti^e xichneM in Ihat element The caoAxmsiid Igrdbsogen 
aie first determined in the usual manner, a longer tebe tibnn usual is emplogred, 
and four or fiye inches of its anterior portion filled with spongf metallic cop- 
per, made hf reducing the oxide by hydrogen; this serves to decompose any 
nitrous acid hk fainoxide of nitrogen, which may be ibnned in (he act of com- 
bustion. During the experiment, some idea of the abundance or paucity of 
nitrogen may be formed from the number of bubbles of incondensible gas 
which traverse the solution of potash. 

In ^e case of compounds abounding in nitrogen, and readily burned by 
oxide of copper, a method inay be employed, which is very easy of execution ; 
this consists in determining the ratio borne by the liberated nitrogen to the 
carbonic acid produced in the combustion. A tube of hard g^ass, of the 
usual diameter, and about 15 inches long, is sealed at one end; a little of die 
orgaaic substance, mixed with oxide of copper, is introduced and allowed to 
occupy about two inches of the tube; about as much pure oxide is •plaoeA 
over it, and then another portion of a similar mixture. After which the tube 
is filled up with a second and larger portion of pure oxide, and a quantity of 
spongy metalUc copper. A short bent tube, made movable by a caoutchouc 
joint, is fitted l!^ a perforated cork, and made to dip into a mercurial trough^ 
while the oombustion-tube itself rests in the chauffer. 



Fig, Idl. 



.198. 




Tire Is first applied to the anterior part of the tube containing the metal 
and unmixed oxide, and, when this is .red-hot, lo the extreme end. Combua- 
lion of the £rst portion of the mixture takes place, the gaseous products 
sweeping before them neaxly the whole of the air of the apparatus. When 
90 .more gas .issues, the tube is slowfy heajked .by half an inch at a time, in 
the usual manner, and all the gas very carefully oollecled in a .greduated jax; 
until the operation is at an end. The volume is then read ofij and some 
ftiong .solution of ^caustic potash throwzi up into the jar hy Sip^Mtte (fig. 152) 
vrith a curved exiremi^. When the ahsorption is oomplete, the residual 
volume of nitrogen is observed, and compared with that of the mixed gase^, 
proper correction heing made for difierences of level in the mercury, and 
fiom these (^ata the exact proportion bocoe h^r the j»itrqgen to the carbon can 
be atODoe determined.* 

* Volunui of the two ,gMes represent tguipaUntt^ for 
100 eobie inches oarbonie ecid weigh 47*95 grams 
100 «» nitrogen " 30-14 " 

4796 : 3014 :: S3 : 14-01 
The two lut terms are the equivalent numbers: one equivalent of carbonio aeid con- 
tains besides oae .equivalent of earbon. 
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■If the proportion of nitrogen be but gmall, the ermr from the nitrogen of 
the residual atmospheric air becomes so great, as to destroy all confidence in 
the result of the experiment ; and the same thir^ happens when the subetanoe 
is incompletely burned by ojude of copper ; other means must then be em- 
ployed. The absolute method of determination may be had recourse to when 
the foregoing, or comparaiive method, fails from the first cause mentioned ; it 
gives excellent results, but is very diiScult and troublesome in practice, from 
the accidents to which it is liable, 

A tube of good Bohemian gjass, 22 inches long; is securely sealed at one 
end ; into this enough carbonate of copper is put to occupy three inches, and 
upon the popper<salt, a plug of asbestos. A little pure oxide of copper is next 

Fig, 153.* 





* Fipr. 153 represents the principal parts of the arrangement for the absolute estima- 
tion of nitrogen. The ihree-necked tube is shown attached \o the plate of the air-pump, 
and the long tube with recurved lower extremity, terminating beneath a graduated jar 
standing upon the mercurial trough, and partly filled with strong soloiion of potash. 
19 
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introduced, and afterwards the mixture of oxide and organic substance, the 
weight of the latter in a dry state having been correctly determined. The 
remainder of the tube, amounting to nearly one*half of its length, is then filled 
up with pure oxide of copper, and spongy metal, the two being separated by 
asbestos, and a round cork, perforated by a piece of narrow tube, is securely 
adapted to its mouth, and made tight by sealing-wax. The tube is arranged 
in a trough of hot sand, and put into communication with a powerful and 
perfect air-pump, by which exhaustion may be made. This is best done by 
a three-bratiched tube of brass, furnished with a stop^cock, the third opening 
being connected with a vertical glass tube, exceeding thirty inches in length, 
made to dip into a mercurial trough. The joints are formed' by caoutchouc 
connecters, which, when carefully tied, resist without leaking the whole pres- 
sure of the atmosphere. Exhaustion is now made as completely as possiUe; 
the mercury rises in the long tube, and remains stationary if the numerous 
joints of the apparatus be perfect. The heat of a spiri^]amp id then applied 
to the further extremity of the combustion-tube, so as to decompose a portion 
of the carbonate of copper ; the gas depresses the nlercurial column, and 
finally escapes, in considerable quantity, from the delivery-tube. The next 
step is to remove the sand-trough, and ' substitute in its place the chauffer, 
without disturbing the apparatus, now filled with carbonic acid. This done, 
fire is applied to the tube, commencing at the nearer end, and gradiially pro- 
ceeding to the closed extremity, which yet contains some undecomposed 
carbonate of copper. This, when the fire at length reaches it, yields up 
carbonic acid, which chases forward the nitrogen lingering in the tube. During 
the combustion, the extremity of the delivery-tube is covered by a graduated 
jar, partly ^filled with mercury, and partly with strong solution of caustic 
potash, by which the carbonic acid is wholly absorbed, and nothing left but 
the nitrogen. When the operation is at an end, the jar, with its contents, is 
transferred to a vessel of water, and the volume of the nitrogen read off. 
This is properly corrected for temperature, pressure, and aqueous vapor, and 
its weight determined by calculation. When' the operation has been very 
successful, and all precautions minutely observed, the result still leaves an error 
in excess, amounting to *3 or '4 per cent, due to tae residual air of the appa- 
ratus, or that condensed into the pores of the oxide of copper. 

A most elegant and admirable process for estimating nitrogen in all organic 
compounds, except those containing ammonia and nitric acid, has lately been 
put in practice by MM. Will and Varrentrapp. When a non-azotized organic 
substance is heated to redness with a large excess of hydrate of potash or 
soda, it suffers complete and speedy combustion at the expense of the water 
of the hydrate, the oxygen combining with the carbon of the organic matter 
to carbonic acid, which is retained by the alkali, while its hydrogen, together 
with that of the substance, is disengaged, sometimes in union with a little 
carbon. The same change happens when nitrogen is present, but with this 
addition : the whole of the nitrogen thus abandoned combines with a portion 
of the liberated hydrogen to Sxta ammonia. It is evident, therefore, that if 
this experiment be made on a weighed quantity of matter, and circumstances 
allow the collection of the whole of the ammonia thus produced, the propor- 
tion of nitrogen can be easily calculated. 

An intimate mixture is made of 1 part caustic soda, and 2 or 3 parts quick- 
lime, by slaking lime of good quality with the proper proportion of strong 
caustic soda, drying the mixture in an iron vessel, and then heating it to 
strong redness in an earthen crucible. The ignited mass is rubbed to powder 
in a warm mortar, and carefully preserved from the air. The lime is usefUl 
in many ways, it diminishes the tendency to deliquescence of the alkali, faci- 
litates mixture with the organic substance, and prevents fusion and lique&o- 
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tion. A proper qnahtitjr of the substance to be analyzed, from five to ten 
grains, namely, is dried and accurately weighed out; this is mixed in a warm 
porcelain mortar, with enough of the soda-lime to fill two-thirds of an ordi- 
nary combustion-tube, the mortar being rinsed with a little more of the alka- 
line mixture, and lastly, with a small quantity of powdered glass, which oom« 
pletely removes everything adherent to its surface.; the tube is then filled to 
within an inch of the open end with the lime-mixture, and arranged in the 
chauffer in the usual manner. The ammonia is collected in a little apparatus 
of three bulbs containing moderately strong hydrochloric acid, attached by a 

Fig. 154. 




cork to the combustion-tube. Matters being thus adjusted, fire is applied to 
the tube, commencing with the anterior extremity. When ignited throughout 
its whole length, and when no more combustible gas issues ftom the appa- 
ratus, the point of the tube is bibken and a little air drawn through the whole. 
The acid liquid is then emptied into a capsule, the bulbs rinsed into the same 
with a little alcohol, and then repeatedly with distilled water ; an excess of 
pure chloride of platinum is added, and the whole evaporated to dryness in a 
water-bath. The dry mass, when cold, is treated with a mixture of alcohol 
and ether, which dissolves out the superfluous chloride of platinum, but leaves 
untouched the yellow crystalline double chloride of platinum and ammonium. 
The latter is collected upon a small weighed filter, washed with the same 
mixture of alcohol and ether, dried at 212°, and weighed ; 100 parts oorre- 
spond to 6*306 parts of nitrogen ; or, the salt with its filter may be very care- 
fully ignited, and the filter burned in a platinum crucible, and tlie nitrogen 
reckoned from the weight of the spongy metal, 100 parts of that substance 
corresponding to 14*25 parts of nitrogen; — the former plan is to be preferred 
in most cases. 

Bodies very rich in nitrogen, as urea, must be mixed with about an equal 
qnanti^ of pure sugar, to furnish inoondensible gas, and thus diminish the 
violence of the absorption which otherwise occurs; and the same precaution 
must be taken, for a dlfierent reason, with those which contain little or no 
hydrogen. 

EttimaJtion of Sulpkw in organic compounds.^-'When bodies of this class con- 
taining sulphur are burned with oxide of copper, a small tube containing per- 
oxide of lead must be interposed between the chloride of calcium-tube and 
the potash-appcuratus to retain any sulphurous acid which may be formed. 
The proportion of sulphur is determined by oxidizing a known weight of the 
substance by strong nitric acid, or by fusion with a mixture of nitre and car- 
bonate of potash, and then precipitating the sulphuric acid formed by a barytic 
salt. Phosphorus is in like manner oxidized to phosphoric acid, the quantity 
of which is determined by precipitation. 

Eatimation of Chlorine. — ^The case of a volatile liquid containing chlorine is 
of most frequent occurrence, and may be taken as an illustration of the gene- 
ral plan of proceeding. The combustion with oxide of copper, must be very 
carefiilly conducted, and two or three inches of the anterior portion of the tube 
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kept oool enough to prftyeBt 'volatilization of the ehlcHride of eopper into <ha 
chloride of calciuni'tube. Chromate of lead is much bettet for the purpose. 
The chlorine is correctly determined by placing a seopnd small weighed bif4b 
of liquid in a oorabustion-tube, which is afterwards ^led with fragments of 
pure quick-lime. The linoe is brought to a red heat, and the vapor of the 
liquid driven over it, when the dblorine displaces oxygen from the metal, and 
gives rise to chloride of calcium. When cold, the contents of the tube are 
dissolved in the dilute nitric acid and the chlorine precipitated by nitrate of 
silver. 

BXPIXICAL ANH XATIOITAL FORXULJS. 

A chemical formula is termed empirical when it merely gives the simplest 
possible expression of the composition of the substance to which it refers. A 
rational formula, on the contrary, aims at describing the exact composition 
of one eqwvcdent, or comfrtmng proportion of the snbetance, by stating the 
absolute number of equivalents of each of its elements essential to that object, 
as well as the mere relations existing between them. The empirical formula 
is at once deduced from the analysis (^ the' substance, reckoned to 100 parts; 
the rational requires in addition a knowledge of its combining quantity, which 
can only be obtained by direct experiment, by synthesis, or by the careful 
ejcamination of one or more of its most definite compounds. Further, the 
rational may either coincide with the empirical ibrmula, or it may be a mul- 
tiple of the latter. 

Thus, the composition of acetic acid is expressed by the formula C4H30^ 
which exhibits the simplest relations of the three elements, and at the same 
time expresses the quantities of these, m equivalents, required to make up aa 
equivalent of acetic acid ; hence, it is both empirical and rational. On the 
other hand, the empirical formula of crystallized kinic acid is C^HgO^ while 
its rational formula, detennined by its capacity of saturation, is double, or 
C,JH,jO,2, otherwise written C,4H„0„ +HG. 

The deduction of an empirical formula froih the ultimate analysis is very 
easy; the case of sugar, already cited, may be taken as an example. This 
contains in 100 parts 

Carbon .... 4198 
Hydrogen . . . 6*43 
Oxygen .... 51*69 



100 

If each of these quantities be divided by the equivalent of the element, the 
quotients will express the relation in equivaknts existitig between them; 
these are afterwards reduced to their simplest expression. This is the only 
part of the calculation attended with any difficulty ; if the numbers were 
rigidly correct it would only be necessary to divide each by the greatest divisor 
common to the whole; as they are, however, only approximate, somediing is 
of necessity left to the judgment of the experimenter, who is obtiged to use 
more indirect means. 

ii:?i — 6-99 ; 6-43 J 5i:£? -. 6-44, 
6 8 

or 699 eq. carbon, 643 eq. hydrogen, and 644 eq. oxygen. 

It will be evident, in the first place, that the hydrogen and oxygen are pre- 
sent in the proportions to form water, or as many equivalents of one as of the 
other. Again, the equivalents of carbon and hydrogen are nearly in the pio- 
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f^S 



portion of 12 : 11, 80 that tbe fbrmnla C,2l^,jO,, appean likely to he correct. 
It is now easy to see how far this is admissible by reckomng it back to 100 
puts, comparing (he result with- the nambers. given by the actual analysis, 
and observing whe&er the difference falls fiiirly in direction and amount 
withitt the limits of error of what may be termed a good experiment, via/, 
two or three-tenths per cent deficieney in the carbon, and not more than one^ 
tenth per cent excesB in the hydrogen. 



Carbon 
Hydrogen . 
Oxygen 



171 
171 
1*71 



6X12» 
11 eq.s 

8X11» 



.72 
.11 

:88 



171 



72 
11 

88 



100 
100 
100 



42-11 

6-43 

61-46 



Organic acids and salt-radicals have their proper equivalents most frequently 
determined by an analysis of their lead and silver-salts, by burning these 
latter with suitable precautions in- a thin porcelain capsule, and noting the 
weight- of the oxide of led, or metallic silver left behind. If the oxide of 
lead be mixed with globules of reduced metal, the quantity of the latter must 
be ascertained by dissolving away the oxide by acetic acid. Or, the lead-salt 
may be converted into sulphate, and the silver-componnd into chloride, and 
both metals thus estimated. An organic base, on the contrary, or a basyle, 
has its equivalent fixed by the observation of the quantity of a mineral acid, 
or an inorganic salt-radical, required to fbrm with it a combination having the 
characters of neutrality. 

SXTERMIITATIOir OF THE DXITSITT OF TAP0B8. 

I 

The determination of the specific gravity of the vapor of a volatile sub- 
stance is frequently a point of great importance, inasmuch as it gives the 
means, in conjunction with the analysis, of representing 
the constitution of the substance by measure in a gaseous J^^. 155. 
state. The following is a sketch of the plan of operation 
usually followed : — A light glass globe about three inches 
in diameter is taken, and its neck softened and drawn out in 
the blow-pipe flame, as represented in the figure in the mar- 
gin; this is accurately weighed. About one hundred gmins 
of the volatile liquid are then introduced, by gently warm.- 
ing the globe and dipping the point into the liquid, which 
ia then forced upwards by the pressure of the air as the 
vessel cools. The globe is next firmly attached liy wire to 
a handle in such a manner that it may be plunged into a 
bath of boiling water or heated oil, and steadily held with 
the point projecting upwards. The -bath must have a 
temperature considerably above that of the boiling-point 
of the liquid. The latter becomes rapidly converted into 
vapor, which escapes by the narrow orifice, chasing before 
it the air of the globe. When the issue of vapor has 
"wholly ceased, and the temperature of the bath, carefully observed, appears 
pretty uniform, the open extremity of the point is hermetically sealed by A 
small blow-pipe flame. The globe is removed fH)m the bath, suflered to coolf 
cleansed if necessary, and weighed, afler which the neck is broken off beneath 
the surface of water or mercury. The liquid enters the globe, and if the 
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expulsioa of the air by the vapor has been complete, fills it; if otherwise, an 
air-bubble is left, whose volume can be easily ascSertained by pouring the 
liquid from the globe into a jar graduated to cubic inches, and then re-filling 
the globe, and repeating the same observation. The capacity of the vessel is 
thus at the same time known; and these are all the data required. An ez> 
ample will render the whole intelligible. 

IkUnninaiion of the density of the vapor ofjlcetone. 

Capacity of globe 3 L'61 cubic inches. 

Weight of globe filled with dry air at 62*> F., and 

30-24 inches barometer 2070-88 grains. 

Weight of globe filled with vapor at 212®, (temp, 
of the bath at the moment of sealing the point,) 
and 30-24 inches barometer .... 2076*81 grains. 

Residual air, at 45® F., and 30*24 in bar. . . *60 cubic inch. 



31-61 cub. inches of air at 52® and 30*24 in. bar. » 32*36 cub. inches 

at 60® and 30 inch, bar., weighiug . . . 10*035 grains. 
Hence, weight of empty globe, 2070*88— 10*035 — 2060*845 grains. 



6 c. inch, of air at 45® "» *8 c. inch at 212®; weight of do. by calculation 

*■ *191 grain. 
31-61 — *8 = 30-81 cubic inches of vapor at 212® and 30*24 in. bar. which, 

on the supposition that it oovM bear cotixng to 60® vnthout liquefaction, would 

at that temperature, and under a pressure of 30 inch, bcur., become reduced 

to 24*18 cubic inches. 

Hence^ 

Weight of globe and vapor 2076*810 grains. 

" residual air -191 

2076-619 
Weight of globe 2060-845 

Weight of the 24-18 cubic inches of vapor . . 15-774 

Consequently 100 cubic inches of such vapor must weigh 65*23 grains. 

100 cubic inches of air, under similar circumstances, weigh 31*01 

r 

65*23 

*■ 2*103, the specific gravity of the vapor in question, air 

31*01 

being unity. 



In the foregoing statement a correction has been, for the sake of simplicity, 
omitted, which in very exact experiments must not be lost sight of, viz., the 
expansion and change of capacity of the glass globe by the elevated tempera* 
tare of the bath. The density so obtained will be always on this account a 
little too high. 

The error to which the mercurial thermometer is, at high temperatures, 
liable, tends in the opposite direction. 
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SECTION I. 
NON-AZOTIZED BODIES. 



Thb members of this remajkable and Tery natural group present Wveml 
interesting cases of iaometiBm. They are characterized by theit feeble aptitude 
to enter into combinaliODT and also by oontainingTWith [jerheps < 
oxygen and hydtogea in the proportions to form water. 

Toil! 0/ Saecharim and Ami/laaoia mliMtaiKa. 
Cane-sugar, crystallized 
Cane-sugar, in comdination . 
Grapo-9i%Br, crystallized , 

Grape-sugar, in combination . 
Milk-sugar, crystallized 
Milk-sugar, in combination . 
Sugar of aicali/ptut, crystallised 
Sugar from itcatt nmuttton 
Manuite ..... 
Starch, unaltered, dried at 212* 
Ainidine, or gelatinous starch 
Dextrine, or gummy starch . 
Slaich tioin oefraru Itlandita 
Inuline .... 

Guin«iabic .... 
Gum-uagacanth 
Lignine, or cellulose 

Cini-SDBiB; OBDIXIBT snsiB, C„H„0„^ — This most useful subatauce 
is Ibund in the juice of many of ihe grasses, in the sap of several forest-trees, 
in the root of the beet and die mallow, and in several other ptanls. It is ex- 
tracted most eBHity and in greatest abundance from the gugarn^ne, cultivated 
Ibi the purpose in many tropical countries. The canes are crushed between 
rollers, and the expressed juice mixed with a small quantity of hydrate of 
lime, and rapidly heated 10 near the boiling-point The dear liquid separated 
bom the coagulum thus produced, is rapidly evaporated in an open pan, and 
when the due degree of concentration has been reached, transferred to a shal- 
low vessel, and left 10 crystallize, during which time it is frequently agitated 
in order to hasten the change and hinder the formation of large i^ysUUs. It 
is, lastly, drained from the dark uncrystallizable syrup, or (nofonn, and sent 
into commerce under the name of raw or JUutcovado sugar. The refining of 
this crude product is eAectad by redissolving it in water, adding a quantity of 
albumen in the shape of serum of blood or white of egg, and sometimes a little 
lime-water, and heating the whole to the boiling-point j the albumen coagu- 
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]ate0^ and forms a kind of net>work of fibres, which enclose and separate from 
the liquid all mechanically suspended impurities. The solution is decolor- 
ized by filtration through animal charcoal, evaporated to the crystalli^ing-point, 
and put into conical earthen mpulds, where it., solidifies, after some time, to a 
confusedly-crystalline mass, which is drained, Washed with a little clesm syrup, 
and dried in a stove ; the product is ordinary loaf sugar. When the crystal- 
lization is allowed to take place quietly and slowly, tugar-candy results, the 
crystals imder these circumstances acquiring large volume and regular form. 
The evaporation of the decolorized syrup is best conducted in strong close 
boilers exhausted of air; the boiling-point of the syrup is reduced in conse- 
quence from 230° to 150° or below, and the injurious action of the heat upon 
the sugar in great measure prevented. Indeed the production of molasses 
itt the rude Indian manufacture is entirely the result of the high and long-e6n- 
tinued heat applied to the cane^juice, and might be almost entirely prevented 
by the use of vacuumopans, the product of sugar being thereby greatly in- 
creased in quantity, and so Ihr improved in quality as to become almost equal 
to the refined article. 

In many parts of the continent of Europe sugar is manu&ctured on a large 
scale firom beet-root, which ccmtains about 8 per cent of that substance. The 
process is far more complicated and troul^esome than that just described, and 
the product much inferior. When refined, however, it is scarcely to be dis- 
tinguished from the preceding. The inhabitants of the Western states of 
America prepare sugar in considerable quantity fh>m the sap of the sugar- 
maple, acer taccharimun^ which is common in those parts. The tree is tapped 
in the spring by boring a hole a little way into the wood, and inserting a 
small spout to convey the liquid into a vessel placed for its reception. This 
is boiled down in an iron pot, and furnishes a coarse sugar, which is almost 
wholly employed for domestic purposes, but little finding its way into com- 
merce. 

Pure sugar slowly separates from a strong solution in large, transparent 
colorless crystals, having the figure of a modified oblique rhombic prism. It 
has a pure, sweet taste, is very -soluble in water, requiring for solution only 
one-third of its weight in the cold, and is also dissolved by alcohol, but with 
more difficulty. When moderately heated it melts, and sofidifies on cooling, 
to a glassy amorphous mass, familiar undei; the name of barley sugar ; at a 
higher tempemture, it blackens, and sufiers decomposition, and the same efiect 
is produced, as already remarked, by Jongnnntinued boiling on the aqueous 
solution, which loses its faculty of crystallizing, and acquires color. The crys- 
tals have a specific gravity of 1*6, and are unchanged in the air. 

The deep brown soluble substance called caramel^ used for coloring spirits, 
and other purposes, is a product of the action of heat upon cane-sugar. It 
contains C^^HjgOjg, and is isomeric with cane-sugar in combination. 

The following is the composition assigned to the principal compounds of 
cane-sugar by M. P^ligot, who has devoted much attention to the subject* 

Crystallized cane-sugar . C24HjgOig-|-4HO 

Compound of sugar with common salt C24H,gO,g-f>NaC14-3HO 

Compound of sugar with baryta . C24H,gO,g4-26BO+4HO 

Compound of sugar with lime . C24HigO,g4-2<^ft<M-4HO 

Compound of sugar with oxide of lead C24H,sOjg4.4PbO 

The compounds with baryta and lime are prepared by digesting sugar at a 
gentle heat with the hydrates of the earths. The lime compound has a bitter 
taste, and is more soluble in cold water than in hot Both are readily decoix^- 

' •Ann. €him. etPliyt.,lxvu.p.U& 
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posed by oarbonic wW, cryswls of cafbonnie of lime being occasionally prO- 
duoeit. Tlic conibinniion wilh oxide of lead ia prepared by mixing si^arwidi 
Kriution of ncebite of lend, milling excess of nirnnonin, and diying the 'white 
insoluble produci oul of conbun with air. The compound widi common salt 
i9Ciy«allizal)l«,i«lDble, and deliijuescenl. 

GBiPiiroAs; blccobe; bcbir ar ratrrrg. Cj,Hj,0„.— This variety rf 
sugar is Tery abundantly diffused through the v^etable kingdom ; it may ba 
eitracted in largo quantity from the juice of sweet grapes, and also from 
honey, of Widch it fbrms the solid ciyslalline potlion, by washing with cold 
alcoho!, which dissolves the fluid syrup. It may also be prepared by arti- 
fieiailj modifying cane-sugar, starch, and woody fibre, by processes presently 
to be described. Tbe appearance of (his aubslance, to an enormous extent 
in the urine, is tba most characteristic feature of the latal disease called 

Grape-EUgai is easily dietiugnished by several important peculiarities fhnn 
cane^ugar; it is much less sweet, and less soluble in water, requiring 1} parts 
of the cold liquid for solution. Its mode of crystallization is also completely 
different ; instead of forming, like cane-sugar, bold, distinct crystals, it sepa- 
rates from its sidutions in vrater and alcohol in granular warty masses, which 
but seldom present crystalline faces. When pure, it is nearly whhe. When 
heated it molls, and loses 4 eq. of water, and at a higher temperature black- 
ens, and suflers decomposition. Grape-sugar combines with difliculty with 
lime, baryta, and oiide of lead, and is ronverted into a brown or black sub- 
stance when bi^sd with solution of caustic alkali, by which cane-sugar is but 
little atiected. It dissolves, on the contrary, in strong oil of vitriol without 
blackening, and gives rise to a peculiar compound acid, whose baryta-salt is 
soluble. Cane-sugar is, under these circumstances, instantly changed to A 
t>lack mass resembling charcoal. 

When solutions of cane and grape-augar are mixed with two separate po> 
tions of solution of sulphate of copper, and caustic potash added in excess to 
each, deep blue liquids are obtained, which, on being heated, exhibit differerft 
characters; the onecontnining cane-sugar is at first but little altered; a small 
quantity of red powder fells after a time, but the liquid long retains its blue 
tint ; with the grape-augar, on the other hand, tbe first application of heat 
throws down a copious greenish precipitate which rapidly changes to scarlet, 
«nd eventually to dark red, leaving a nearly colorless solution. This is an 
excellent test for distinguishing the two varieties of su^r, or discovering an 
admixture of grape with cane-sugar. 

Grape-sugar unites with common sa1t,foiming a soluble compounded sweets 
ish saline taste, which cryslaUiies in a regular and beautiful manner. 

Coitgmmd* of Gropc-nigar, according to PeKgol. 
Crystalline grape-sngaT, dried in the air 
The same, dried at 366° .... 
Compoimd of grape-sugar with common sail 
The same, dried at ^66° . 

Compound of grape-sugar with baryta . ■ 

Compound of grapo-sugai with lime 
CiHtipoimd of grepe-sugai with oxide of lead 

Su^haKiccharic add. CjjH^O^SOj. — Melted grape-sogar is cautiously 
mixed with concentrated sulphuric acid, the product dissolved in water, ao^' 
neutralized with carbonate of huyiaf sulphate of haryia is Ibrmed togatber 
with a soluble sulphosaccharale of that earth, from which the acid itself may 
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be afterwards diminated. It is a sweetish liquid, forming a variety of soluble 
salts, and very prone to decompose into sugar and sulphuric acidL 

Action of dUute o/cidt upon tugar. — Cane-sugar dissolved in dilute sulphuric 
acid is grsulually but completely converted, at the common temperature of the 
air, into grape sugar. The same solution, when long boiled, yields a brown- 
ish-black and nearly insoluble substance, which is a mixture of two distinct 
bodies, one having the appearance of small shining scales, and the other that 
of a dull brown powder. The first, called by Boullay and Malaguti ubnine, 
and by Liebig tackidndne, is insoluble in ammonia and alkalis; the second, 
vlmic acidy the tackubmc acid of Liebig, dissolves freely, yielding dark brown 
solutions precipitable by acids. By long-continued boiling with water, sachul- 
mic acid is converted into sachulmine. Both these substances have the same 
composition, expressed by the empirical formula Cj|HO. Hydrochloric acid, 
in a dilute state, produces the same effects.* 

Action of cdkalis upon tugar, — ^When lime or baryta is dissolved in a solu- 
tion of grape sugar, and the whole left to itself several weeks in a close vessel, 
the alkaline reaction will be found to have disappeared from the formation 
of an acid substance. By mixing this solution with subacetate of lead, a 
voluminous white precipitate is obtained, which, when decomposed by sul- 
phuretted hydrogen, yields sulphuret of lead, and the new acid, to which the 
term kaUsacchariCy or ghtcic, is applied. Glucic acid is very soluble and de- 
liquescent, has a sour taste, and acid reaction ; its salts, with the exception 
of that containing oxide of lead, are very soluble. It contains CgH^Og. 
When grape-sugar is heated in a strong solution of potash, soda, or baryta, 
the liquid darkens, and at length assumes a nearly black color. The addi- 
tion of an acid then gives rise to a black flocculent precipitate of a substance 
called mdasimc acid, containing ^^fixfix^ Cane*sugar long boiled with 
alkalis undergoes the same changes, being probably first converted into grape- 
sugar. 

SuGAB OF THE XUCALTPTV8, described by Professor Johnson,^ closely re- 
sembles ordinary grape sugar in many particulars, and has the same compo- 
sition. 

SuoAB raox xboot or BTE.^-This variety of sugar, extracted by alcohol 
from the ergot, crystalli:ses in transparent colorless prisms, which have a 
sweet taste, and are very soluble in water. It differs from cane-sugar in not 
reducing the acetate of copper when boiled with a solution of that substance. 

It contains ^^fivfi^' 

Sugar or diabxtbs iitsipidus. — ^A substance having the other properties 
of a sugar, but destitute of sweet taste, has been described by M. Tlienard 
as having been obtained from the above-mentioned source. It was capable 
of furnishing alcohol by fermentation, and of suffering conversion into grape- 
sugar by dilute sulphuric add. Its composition is unknown, 

LifivoBicx-susAB ; oLTCTBBHiziBX. — The root of the common liquorice 
yields a large quantity of a peculiar sweet substance which is very soluble in 
water, but refuses to crystallize; it is remarkable for forming with acids oom- 

* Under the names uZmtn« and uUnie aeid have been confounded a namber of brown 
or black, uucrystallizable substances, produced by the action of powerful chemieal 
agents upon sugar, lignine, ice, or generated by the putrefactive decay of vegetable 
fibre. CSommon garden mould, for example, treated with dilute, boiling solution of caus- 
tic potash, yields a deep brown solution, from which acids precipitate a floccolent, 
bro\«n substance, having but a slight degree of solubility in water. This is generally 
called ulmie or humie acid, and its origin ascribed to the reaction of the alkali on the 
ulmint or humiu of the soil. It is known that these bodies differ exceedingly in com- 
position ; they are too indefinite to admit of ready investigation. 

t Memoirs of Chemical Society of London, i. 150. 
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pounds which have but sparing solubility. Glycyrrhizine cannot be made to 
ferment ^ 

SuoAB 07 milk; I.ACTIKI. Cgfl^Og^. — ^This curious substance is an im- 
portant constituent of milk; it is obtained in large quantities by evaporating 
yfhey to a syrupy state, and purifying the lactine, which slowly crystallizes- out 
by animal charcoal. It forms white, translucent four-sided prisms of great 
hardness. It is slow and difficult of solution in cold water, requiring for that 
purpose 5 or 6 times its weight; it has a feeble sweet taste, and in the solid 
state feels gritty between the teeth. When heated, it loses water, and at a high 
temperature blackens and decomposes. Milk-sugar forms several compounds 
with oxide of lead, and is converted into grape-sugar by boiling with dilute 
mineral acids. It is not directly fermentable, but can be made under particular 
circumstances to furnish alcohol. 

Maitna-suoab ; xakitite. C^H^O^. — ^This is the chief component of manna, 
an exudation from a species of ash^ it is also found in the juice of certain other 
plants, and in several sea-weeds; and may be formed artificially from ordinary 
sugar by a peculiar kind of fermentation. It is best prepared by treating manna 
with boiling alcohol, and filtering the solution whilst hot; the mannite crysted- 
lizes on cooling in tufts of slender colorless needles. It is fusible by heat 
without loss of weight, is freely soluble in water, possesses a powerfully sweet 
taste, and has no purgative properties. Mannite refuses to ferment The sub- 
stance formerly described as mushroom-tugar is merely mannite. 

Stakch ; f ECULA. — ^This is one of the most important and widely-difiused of 
the vegetable proximate principles, being found to a greater or less extent in 
every plant It is most abundant in certain roots and tubers, and in soft stems ; 
seeds often contain it in large quantity. From these sources the fecula can be 
obtained by rasping or grinding to pulp the vegetable structure, and washing 
the mass upcoi a sieve, by which the torn cellular tissue is retained, while the 
starch passes through with the liquid, and eventually settles down from the 
latter as a sofl, white, insoluble powder, which may be washed with cold 
water, and dried with very gentle heat Potatoes treated in this manner yield 
a large proportion of starch. Starch from grain may be prepared in the same 
manner by mixing the meal with water to a paste, and washing the mass 
upon a sieve ; a nearly white, insoluble substance called gUUen remains behind, 
which contains a large proportion of nitrogen. The gluten of wheat flour is 
extremely tenacious and elastic. The value of meal as an article of food 
greatly depends upon this substance. Starch from grain is commonly manu- 
factured on the large scale by steeping the material in water for a considerable 
period, when the lactic acid, always developed under such circumstances firom 
the sugar of the seed, disintegrates, and in part dissolves the azotized matter, 
and greatly facilitates the mechanical separation of that which remains. A 
still more easy and successful process has lately been introduced, in which a 
very dilute solution of caustic soda, containing about 200 grains of alkali to a 
gallon of liquid, is employed with the same view. Excellent starch is thus 
prepared from rice. Starch is insoluble in cold water, as indeed its mode of 
preparation sufficiently shows ; it is equally insoluble in alcohol and other 
liquids, which do not effect its decomposition. To the naked eye it presents 
the appearance of a soft, white, and often glistening powder ; under the micro- 
scope it is seen to be altogether destitute of crystallhie, but to possess, on the 
contrary, a kind of organization, being made up of multitudes of little rounded 
transparent bodies, upon each of which a series of depressed parallel rings 
surrounding a centml spot or hilum, may often be traced. The starch-granules 
from different plants vary both in magnitude and form; those from the canna 
cocdneat or tout Ua moitf and potato being largest; and those from wheat and 
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Fig. 156. the cereals in general, veiy much smaller. The 

figure in tjie max^n will serve to convey an idea 
^^^ ^-. of the appearance ot the granules of potato-starch 

^55 ^dM highly magnified, 
^g^ wNJJF When a mixture of starch and water is heated 

O ^ to near the boiling-point of the latter, the granules 

burst and disappear, producing, if the proportion 
of starch be considerable, a thick gelatinous mass, 
very slightly opalescent from the shreds of fine 
membrEuie,the envelop of each separate granule. 
By the addition of a large quantity of water, this 
gelatinous starch, or amidme, may be so far di- 
luted, as to pass in great measure through filter- 
paper. It is very doubtful, however, how far the 
substance itself is really soluble in water, at least 
when cold; it is more likely to be merely sus- 
pended in the liquid in the form of a swollen; 
transparent, insoluble jelly, of extreme tenuity. Gelatinous starch, exposed in 
a thin layer to a dry atmosphere, becomes converted into a yellowish, homy 
substance, like gum, which, when put into water, again soflens and swells. 

Thin gelatinous starch is precipitated by many of the metallic oxides, as 
lime, baryta, and oxide of lead, and also by a large addition of alcohol. Idfa- 
sion of galls throws down a copious yellowish precipitate containing tannic 
acid, which re-dissolves when the solution is heated. By fiur the most charac^ 
teristic reaction, however, is. that with free iodine, which ferms with starch a 
deep indigo-blue compound, which appears to dissolve in pure water, although 
it is insoluble in solutions containing free acid or saline matter. The blue 
liquid has its colors destroyed by heat, temporarily, if the heat be qidckly with- 
drawn, and permanently, if the boiling be long continued, in which case the 
compound is decomposed, and the iodine volatilized. Starch in the dry state, 
put into iodine-water, acquires a purplish-black color. 

The unaltered and the gelatinous starch, in a dried state, have the same 
composition, namely, Cgfl^xP^] a compound of starch and oxide of lead was 
found to contain, when dried at 212**, Cg^HjgOjg-f 4PbO.* 

DxxTBiKS. — ^When gelatinous starch is boiled with a small quantity of dilute 
sulphuric, hydrochloric, or indeed almost any acid, it speedily loses its con- 
sistency, and becomes thin and limpid from having suffered conversion into a 
soluble substance resembling gum, called dextrincf The experiment is most 
conveniently made with sulphuric acid, which may be afterwards withdrawn 
by saturation with chalk. The liquid, filtered from the nearjy insoluble gyp- 
sum, may then be evaporated in a water-bath to dr3mess. The result is a gum- 
like mass, destimte of crystalline structure, soluble in cold water, and precipi* 
table from its solution by alcohol, and capable of combining with oxide of lead. 
Iodine sometimes produces in a solution of dextrine a purplish-red tint, and 
sometimes occasions no change. 

When the ebullition with the dilute acid is continued for a considerable 
period, the dextrine first formed undei^oes a further change, and becomes 
converted into grape-sugar, which can be thus artificially produced with the 
greatest fecility. The length of tiine required for this remarkable change 
depends upon the quantity of acid present; if the latter be very small, it is 
necessary to continue the boiling many successive hours, replacing the water 
winch -evajxirates. With a larger proportion of acid, the conversion is mucti 

* Payen, Ami. de Ch. et Ph. t 05, 349. -• 

t From its action on polarized light, twisting the plane of polarization towards the right 
hand. 
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XDora speedy. - A zniztore of 15 parts potatio*starch, 60 parts water, mid 6 
parts sulphuric acid, may be kept boiling fqt about four bours^ the liquid neu- 
tralized with chalk, filtered, and rapidly evaporated to a small balk. By (Uges- 
tion with animal charcoal, and a second filtration, much of the color will be 
removed, aAer which the solution may be boiled down to a thin syrup and left 
to crystallize ; in the course of a few days it solidifies to a mass of grape-sugar. 
There is another method of preparing this substance from starch- whioh 
deserves particular notice. Germinating seeds, and buds in the act of develop- 
ment, are found to contain a small quantity of a peculiar azotized substance, 
formed at this particular period from the gluten or vegetable albuminous mat- 
ter, to which the name ditutase is given. The substance possesses the same 
curious property of efiecting the conversion of starch into dextrine, and ulti- 
mately into grape-sugar, and at a much lower temperature than that of ebulli- 
tion. A little infusion of malt, or germinated barley, in tepid water, mixed 
with a large quantity of thick gelatinous starch, and the whole maintained at 
160^ or thereabouts, occasions complete lique&ction in the space of a few 
minutes from the production of dextrine, which in its turn becomes in three 
or ibur hours ccmverted into sugar. If a greater degree of heat be employed, 
the diastase is coagulated and rendered insoluble and inactive. Very little is 
known respecting diastase itself; it seems very much to resemble v^etable 
albumen, but has never been got in a state of purity. 

The change of standi or dextrine into sugar, whether produced by the 
action of dilute acid or by dmstase, takes place quite independently of the 
oxygen of the air, and is unaccompanied by any secondary product. Th^ 
acid takes no direct part in the reaction ; it may, if not volatile, be all with- 
drawn without loss aAer the experiment. The whole affiur lies between the 
starch and the elements of water ; a fixation of the latter occurring in the 
new product, as will be seen at once on comparing their composition. The 
sugar, in fact, so produced very sensibly exceeds in weight the starch em« 
ployed. J>extrine itself has exactly the same composition as the original 
starch. 

Dextrine is used in the arts as a substitute ibr gum; it is sometimes made 
in the manner above described, but more frequently by hei^ting dry potato^ 
starch to 400^, by which it acquires a yellowish tint and becomes soluble 
in cold water. It is sold in this state under the appellation of BriH^ gmn. 

Starch is an important article of food, especially when associated as in 
ordinary meal with albuminous substances. Anow-root, and the feeula of 
the caama coccinea, are very pure varieties employed as articles of diet ; anow". 
root is obtained from the tnaranta artrndmaceOf cultivated in the West Indies; 
it is with diflculty distinguished from potato-starch. Tapioca ia prepared from 
the root of the iatropha marahot, being thoroughly purified from its poisonous 
juice. Cauava is the same substance modified while moist by heat Saigo 
is made from the soft central portion of the stem of a palm ; and »alq) irom 
the fleshy root of the orchit nuucula. 

Stabch from icBLAiTD Jioss.^-The lichen called cetraria blandicti, purified 
by a Uttle cold solution of potash firom a bitter principle, yields, when boiled 
in water, a slimy and nearly colorless liquid, which gelatinizes on cooling, 
and dries up to a yellowish amorphous mass, which does not dissolve in cold 
water, but merely soilens and swells. A solution of this substance in warm 
water is not affected by iodine, although the jelly, on the eontrary, is rendered 
blue. It is precipitated by alcohol, acetate of lead and infusion of galls, and 
is converted by boiling with dilute sulphuric acid into grape-sugar. Accord- 
ing to Mulder, lichen starch contains C^fi^Ojff The jelly from certain 
alg^By as that of Ceylon, and the so<»lled Carrtigheen mow, closely resembles 
the above. 
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IirtJLivi.^-This substance, whidi differs from ooramon starch in some im- 
portant particulars, is found in the root of the imda ?ieUnium, the heHafUhuM 
tuberowM, the dahlicL, and several other plants ; it may be easily obtained by 
washing the rasped root on a sieve/and allowing the inuline to settle down 
flora the liquid ; or by cutting the root into thin slices, boiling these in water, 
and filtering while hot; the inuline separates as the solution cools. It is a 
white, amorphous, tasteless substance, nearly insoluble in cold water, but 
freely dissolved by the aid of heat; the solution is precipitated by alcohol, 
but not by acetate of lead or infusion of galls. Iodine communicates a brown 
color. Inuline has been carefully analyzed by Mr. Pamell, who finds it to 
contain, when dried at 212®, C24H21O21. 

Gxnt. — Gum J^abic^ which is the produce of an acacia, may be taken as the 
most perfect type of this class of bodies. In its purest and finest condition, 
it forms white or slightly yellowish irregular masses, which are destitute of 
crystalline structure, and break with a smooth conchoidal fracture. It is 
soluble in cold water, forming a viscid, adhesive, tasteless solution, from 
which the pure soluble gummy principle, or arabine^ is precipitated by al- 
cohol, and by subacetate of lead, but. not by the neutral acetate. Arabine is 
composed of CgflgJC)^^ and is consequently isomeric with crystallized cane- 
sugar. 

MudUtgtt so abundant in linseed, in the roots of the mallow, and in other 
plants, differs in some respect from the foregoing, although it agrees in the 
property' of dissolving in cold water. The solution is less transparent than 
that of gum, and is precipitated by neutral acetate of lead. 

Gum-tragaeanth is chiefly composed of a substance to which the name bat- 
mnine has been given, and which refuses to dissolve in water, merely softening 
and assuming a gelatinous aspect It is dissolved by caustic alkali. Certuine 
is the term given to the insoluble portion of the gum of the cherry-tree ; it 
resembles bassoride. The ropinas of white wines and saccharine liquids is 
due to a substance of this kind, which is formed, under peculiar circum- 
stances, from sugar. 

Pectifu, or the jelly of fruits, seems to be closely allied to the foregoing 
bodies. . It may be extracted from various vegetable juices by precipitation 
by alcohol. It forms when moist a transparent jelly, imperfectly soluble in 
water, and tasteless, which dries up to a translucent mass. It is to this sub- 
stance that the firm consistence of currant and other fruit-jellies is t^ribed. 
In contact with bases, pectine becomes converted into pectic acid, which, ex- 
cept that it possesses feeble acid properties, resembles in the closest maimer 
pectine itself. By long boiling with solution of caustic alkali, a further change 
is produced, and a new acid, the metapedic^ developed, which does not gela- 
tinize. The salts of these two acids are incapable of crystallizing. Much 
doubt, too, exists respecting the composition of these bodies, although they are 
probably isomeric or only differ in the elements of water; they do not appear, 
from the analysis yet made, to contain oxygen and hydrogen -in tiie proportion 
of the equivalent numbers, and consequently scarcely belong to the starch 
group. Mulder gives for the composition of pectic acid Cj^HgOj^. 

LioHiHs ; csLLULOiB.^— This substance constitutes the fundamental material 
of the structure of plants; it is employed in the organization of cells, and 
vessels of all kinds, and forms a lai^e proportion of the solid parts of every 
vegetable. It must not be confounded with Ugruoui or woody Hatue, which 
is in reality cellulose, with other substances superadded, which encrust the 
walls of the original membranous cells, and confer stiffness and inflexibility. 
Thus, woody tissue, even when freed as much as possible from coloring mat- 
ter, and resin by repeated boiling virith water and alcohol, yields, on analysis, 
a result indicating an excess of hydrogen above that required to form water 
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with the oxygen, besides traces of nitrogen. Pure cellulose, on the other 
hand, is a ternary compound of carbon and the elements of water, closely 
allied in composition to starch, if not actually isomeric with that substance.* 

The properties of lignine may be conveniently studied in fine linen or cot- 
ton, which are almost entirely composed of the body in question, the associated 
vegetable principles having been removed or destroyed by the variety of treat- 
ment to which Ihe fibre has been subjected. Pure lignine is tasteless, inso- 
luble in water and alcohol, and absolutely innutritioiis; it is not sensibly 
affected by boiling water, unless it happen to have been derived from a soft 
or imperfectly developed portion of the plant, in which case it is disintegrated, 
and rendered pulpy. Dilute acids and alkalis exert but little action on lignine, 
even at a boiling temperature ; strong oil of vitriol converts it, in the cold, 
into a nearly colorless, adhesive substance, which dissolves in water, and 
presents the characters of dextrine. Hiis curious and interesting experiment 
may be conveniently made by very slowly adding concentrated sulphuric acid 
to half its weight of lint, or linen cut into small shreds, taking care to avoid 
any rise of temperature, which would be attended with charring or blacken- 
ing. The mixing is completed by trituration in a mortar, and the whole left 
to stand a few hours ; after which it is rubbed up with water, and warmed, 
and filtered '"from a little insoluble matter. The solution may then be neu- 
tralized with<ihalk, and again filtered. The gummy liquid retains lime, partly 
in the state of sulphate, and partly in combination with a peculiar acid, com- 
posed of the elements of sulphuric or h3rposulphuric acid, in union with those 
of the lignine, to which the name sulpholignic acid is given. If the liquid, 
previous to neutralization, be boiled during three or four hours, and the water 
replaced as it evaporates, the dextrine becomes entirely changed to grape- 
sugar. Linen rags may, by these means, be made to furnish more than their 
own weight of that substance. 

Lignine is not colored by iodine. 
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BT CHBXICAL AGEITTS. 

ACTIOH or VITBIC ACID. 

Oxalic acid. Cfi^ , HO-f-SHO. — ^This important compound occurs ready 
formed in several plants, in combination with potash as an acid salt, or with 
lime. It is now manufactured in large quantities as an article of commerce, 
by the action of nitric acid on sugar, starch, and dextrine. With the exception 
of gum and sugar of milk, which yield another product, all the substances 
comprehended in the saccharine and starch group furnish oxalic acid, as the 
chief and characteristic result of the long-continued action of moderately 
strong nitric acid at an elevated temperature. 

One part of sugar is gently heated in a retort with 5 parts of nitric acid of 
8p. gr. 1'42, diluted with twice its weight of water; copious red fumes are 
disengaged, and the oxidation of the sugar proceeds with violence and rapidity. • 
When the action slackens, heat may be again applied to the vessel, and the 
liquid concentrated, by distilling off the superfluous nitric acid, until it de- 
posits crystals on cooling. These are drained, re-dissolved in a small quantity 
of hot water, and the solution set aside to cool. The acid separates from a hot 
solution in colorless, transparent crystals derived ftom an oblique rhombio 

* Dumas, Chimie appliqufe aux Arts, vx. p. S. 



9M OXALIC ACIP^ 

priffm, which contain three equivjaJents of-M^aterj one of these being basic and 
inseparable, except by substitution ; the other two inay be expelled by a very 
gentle heat, the crystals crumbling down to a soil white powder, which m^y 
be sublimed in great measure without decomposition. The crystallized acid, 
on the contrary, is decomposed, by a high temperature, into carbonic and 
formic acids and carbonic oxide, without solid residue. 

The crystals of oxalic acid dissolve in 8 parts of water at 60®, and in their, 
own weight, or less, of hot water ; they are also soluble iii spirit The aque> 
oi^is solution has an intensely sour taste, and most powerful acid reaction,, 
and is highly poisonous. The proper antidote is chalk or magnesia. Oxalic 
acid is decomposed by hot oil of vitriol into a mixture of carbonic oxide and 
carbonic acid ; it is slowly converted into carbonic acid by nitric acid, whence 
arises a considerable loss in the process of manufacture. The peroxides of 
lead and manganese effect the same change, becoming reduced to protoxide, 
which combine with the unaltered acid. 

Oxalic acid is formed from sugar by the replacement of the whole (SC its 
hydrogen by an equivalent quantity of oxygen. 

1 eq. sugar "^Cj^HjgOig"^ -^ 5 ^^ ®*1' ^^^^ acid-^Cg^ Og^ 
36 eq. oxygen^ Ogg3 ** ^ 18 eq. water ■■ H,gO,8 

^24^18^54 ^24^18^54 

. The most important salts of oxalic add are the following : — 

NsvTRAL OXALATE OP POTASH. KO , CgO^-}- HO. — This is prepared by 
neutralizing oxalic acid by carbonate of potash. It crystallizes in transparent 
rhombic prisms, which become opaque and anhydrous by heat, and dissolve 
in 3 parts of water. Oxalate of potash is often produced when a variety of 
organic substances are cautiously heated with excess of caustic alkali. 

BiKoxALATB OF POTASH. KO , SCgO,-^ 3H0. — Sometimes called soft o/ 
mrrel, from its occurrence in that plant This, or the substance next to be 
mentioned, is found also in tlie rumex and oxaiU acetoseUOf and in the garden 
rhubarb, associated with malic acid. It is easily prepared by dividing a solu- 
tion of oxalic acid, in hot water, into two equal portions, neutralizing one widi 
carbcmate of potash, and adding the other ; the salt ciystallizes, on cooling, in 
colorless rhombic prisms. The crystals have a sour taste, and require 40 
parts of cold, and 6 of boiling water for solution. 

QuADRoxALATB OF POTAAB. KO, 4C203'4*7H0.— -^Prepared by a process 
similar in principle to that last described. The crystals are modified octahe- 
drons, and are less soluble than those of the binoxakte, which the salt in other 
respects resembles. 

Oxalate of soda, NaO , C^CL has but little solubility; a binoxalate exists. 

Oxalate of axkonia. NH40,C2P34-H0.— This beautiful salt is pre- 
pared by neutralizing with carbonate of ammonia, a hot solution of oxalic acid. 
It crystallizes in long, colorless, rhombic prisms, which effloresce in dry air 
from loss of water of crystallization. They are not very soluble in cold 
water, but freely dissolve by the aid of heat Oxalate o^ ammonia is of great 
value in analytical chemistry, being employed to precipitate lime from its 
solutions. When oxalate of ammonia is heated in a retort, it is completely 
decomposed, yielding water, ammonia and carbonate of ammonia, cyanogen 
and carbonic acid gases, and a small quantity of a peculiar grayish-white 
suUlimate. The latter bears the name of oxatmde; it is a very remarkable 
body, and forms the type of a small class of substances containing the ele- 
ments of an ammoniacal salt, ndmu those of water. Oxamide is composed of 
tjHgNOg, or the elements of 1 eq. amidogen, (NHj,) and 2 eq. carbonic 
oxide, (CjOj.) It ia insoluble in. water and alcohol j when boiled with an 
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alkali it fumiiihes an oxalate of the base, and ammonia, which is expelled ; 
and when heated with an acid, it produces an ammoniacal salt 

The binoxaJate of ammonia is still less soluble than the oxalate. 

Oxalate of lixx. CaO,C20g4-2HO. — ^Xhis compound is formed when- 
ever oxalic acid or an oxalate is added to a soluble salt of lime; it fiiUs as a 
white powder, which acquires density by boiling, and is but little soluble in 
dilute hydrochloric acid. Nitric acid dissolves it easily. When dried at 212^ 
it retains an equivalent of water, which may be driven off by a rather higher 
temperature. Exposed to a red heat in a close vessel, it is converted into 
carbonate of lime, with escape of carbonic oxide. 

The oxalates of baryta, zinc, maTiganete, protoxide of iron, copper, nickd, and 
cohaUy are nearly insoluble in water; that of magnetia is sparingly soluble, and 
that of the peroxide of iron freely soluble. The double oxalate of chromium and 
potash, made by dissolving in hot water 1 part bichromate of potash, 2 parts 
binoxalate of potash, and 2 parts crystallized, oxalic acid, is one of the most 
beautiful salts known. The crystals appear black by reflected light from the' 
intensity of their color, which is pure deep blue; they are very soluble. The 
salt contains 3(KO,Cj|03)4-Cr203,3C2034-6HO. A corresponding compound 
containing peroxide of iron has been formed ; it crystallizes freely, and has a 
beautiful green color. 

Sacchabic, or oxalhtdhic acid. CjjHgOij-f'^HO, — ^This substance was 
once thought to be identical with malic acid, which is not the case; it is 
formed by the action of dilute nitric acid on sugar, and is often produced in 
the preparation of oxalic acid, being, from its superior solubility, found in the 
mother^liquo^ from which the oxalic acid has crystallized. It may be made 
by heating together 1 part sugar, 2 parts nitric acid, and 10 parts water. 
When the reaction seems terminated, the acid liquid is diluted, neutralized 
with chalk, and the filtered liquid mixed with acetate of lead. The insoluble 
saccharate of lead is washed, and decomposed by sulphuretted hydrogen. 
The acid slowly crystallizes from a solution of sirupy consistence in long 
colorless needles; it has a sour taste, and forms soluble salts with lime and 
baryta. When mixed with nitrate of silver, it gives no precipitate, but on the 
addition of ammonia, a white insoluble substance separates, which is reduced 
by gently warming the whole to metallic silver, the vessel being lined with a 
smooth and brilliant coating of the metal. Nitric acid converts the sacchario 
into oxalic acid. An equivalent of saccharic acid requires for neutralization 
5 equivalents of a haae. 

Xtloidifx. — When, starch is mixed with nitric acid of speci^c gravity 1*5, 
it is converted without disengagement of gas into a transparent, colorless jelly, 
which when put into water yields a white, curdy, insoluble substance ; this is 
the new body xyhidme. When dry, it is white and tasteless, insoluble even 
in boihng water, but freely dissolved by dilute nitric acid, and the solution 
yields oxalic acid when boiled. Other substances belonging to the same cdass 
also yield xyloidine ; paper dipped into the strongest nitric acid, quickly plunged 
into water, and afterwards dried, becomes in great part so changed ; it assumes 
the appearance of parchment, and acquires an extraordinary degree of com- 
bustibility. Xyloidine is said to contain CJS.fi^^O^ 

[Ptroxtliitx; nitric cxlluloss; (gun coMon.)— When lignin is immersed 
in nitric acid of the density 1*52, for a few moments, and then thoroughly 
washed with a large quantity of water, and dried at a temperature not over 
200^ F., a remarkably explosive compound is produced, which is pyroxyline. 
An acid of less density may be used by previously mixing with it, its own 
bulk of sulphuric acid. Pyroxyline presents itself under the nearly unaltered 
form of the variety of lignin (cotton, paper, &c.,) from which it has been pre- 
pared, having acquired only a very perceptible harshness. One hundred parts 
20 
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of pure lisfnin yield 176 of pyroxyline. It is wlute, inodorous, insoluble in 
water, soluble in acetic ether, and caustic potassa. Dried at 130^ it remains 
unaltered, but at higher temperatures, as 212° — ^220°, it becomes yellow and 
fHable, exhales the odor of nitric add, losing about 10 per cent of its weight 
in an hour, and sometimes suddenly inflames. It is a good electric, becoming 
highly cheurged with positive electricity by friction. Touched with a red-hot 
or inflamed body, it is immediately consumed without residue. Struck with 
a hammer, the part struck explodes, and drives off* the remainder unconsomed. 
Its explosive charaeter prevents its analysis by the ordinary means, but its 
composition has been estimated indirectly to be Cg^HjjO^N^, or one- equivalent 
of anhydrous starch, and four of monohydrated nitric add, C24H,gO]g'-f-4H0 
NOg. Its purity may be ascertained by sulphuric add or solution of potassa. 
Lignin di£»olved in sulphuric acid of 1*46 to 1*76 soon becomes colored. 
Pyroxyline under the same circumstances disengages nitric acid vapors and 
does not communicate any color bdow 212°. Pyroxyline dissolves in a solu- 
tion of caustic potassa without color.— R. B.] 

Mucrc ACID. C,j|HgOi44~^^^' — Sugar of milk and gum, heated with nitric 
acid somewhat diluted, furnish, in addition to a small quantity of oxalic add, 
a white and nearly insoluble substance called mucic add. It may be easily 
prepared by heating together in a flask or retort 1 part of milk sugar, or gum, 
4 parts of nitric acid and 1 of water ; the mucic acid is afterwards collected 
upon a filter, washed and dried. It has a slightly sour taste, reddens vegeta- 
ble colors, and forms salts with bases. It requires for solution 66 parts of 
boiling water Oil of vitriol dissolves it with red color. Mucic acid is de- 
domposed by heat, yielding, among other products, a volatile acid, the pyrO' 
mueic, which is soluble in water, and crystallizes in a form resembling that of 
benzoic add. Pyromudc acid is monobasic; it contains C^Qlffi^-^-HO. 

SiTBEBic ACID, CgHg034-HO, is formcd by the action of nitric add on the 
peculiar ligneous matter of cork; it much resembles mucic add, but is more 
soluble in water. 

The fbllowihg bodies are closely allied in composition to oxalic acid: — 

MsLxiTic ACID. C^Hg-f-HO. — ^This substance occurs, in combination with 
alumina, in a very rare mineral called meUiUj or honey'Stone^ found in deposits 
df imperfect coal, or Kgnite. It is soluble in water and alcohol, and is crystal- 
lizable, forming colorless needles. It combines with bases ; the mellitates of 
the alkalis' are soluble and crystallizable; those of the earths and metals 
proper are mostly insoluble. 

RHODizoiric and caocojric acids.^— When potassium is heated in a stream 
of dry carbonic oxide gas, the latter is absorbed in large quantity, and a black 
porous substance generated, which, when put into water, evolves inflamma- 
ble gas, and produces a deep red solution containing the potash-salt of a pecu- 
liar add, the rhodizome; by adding alcohol to the liquid, the rhodizonate of 
potash is precipitated. This and the lead salt are the only two compounds 
which have been fully examined ; the add itself cannot be isolated. Rhodi- 
zonate of potash is composed of C7O74-3KO; hence the acid is tribasic. 

When solution of rhodizonate of potash is boiled, it becomes orange yellow 
from decomposition of the acid, and is then (bund to contain oxalate of potash, 
free potash, and a salt of an acid to which the term crOeonU: is applied. This 
acid can be isolated ; it is yellow, easily crystallizable, and soluble both in 
water and ak»hol. Crystallized croconic acid contains Cfi^-^-UO. 
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THX TSBHSHTATIOS' OF SVOAX, AKD ITS PRODVCTS. 

The term fermenlBtion is applied in chemistry to a peculiar metamorphosis 
of a complex organic substance, by a transposition of its elements under th^ 
agency of an external disturbing force, ditferent from (wdinary chemical attzao- 
tion, and more resembling those obscure phenomena of ccmtact already notioed< 
to which the expression Kataiyw is sometimes applied. The explanaticii 
which Liebig lias suggested of the cause and nature of the fermentative 
change is a Very happy one, although of necessity only hypothetical. It haa 
long been known tbiat one of the most indispensable conditions of that process 
is the presence in the fermenting Uquid of certain azotized substances, called 
fiarmenUy whose decomposition proceeds simultaneously with that of the bodyr 
undergoing metamorphosis. They all belong to the class of albuminous prin* 
ciples, bodies which in a moist condition putrefy and decompose spontane- 
ously. It is imagined that when these substances, in the act of undergoing 
change, are brought into contact with neutral ternary compounds of small 
stability, as sugar, the molecular dislaorbance of the body, already in a state of 
decomposition, may, be, as it were, propagated to the other, and bring about 
destruction of the equilibrium of forces to which it owes its being. The com- 
plex body, under these circumstances, breaks up into simpler products, which 
possess greater permanence. Whatever may be the ultimate fate of this in- 
genious hypothesis, it is certain that decomposing azotized bodies not only do 
possess very energetic and extraordioary powers of exciting fermentation, but 
that the kvnd of fermentation set up is, in a great degree, dependent on the 
phase or stage of decomposition of the ferment. 

Alcohoi.; vikous fskiuktatioh. — K. solution of pure sugar, in an open or 
close vessel, may be preserved unaltered for any length of time \ but if putre»> 
cible azotized matters be present, in the proper state of decay, the sugar is 
converted into alcohol, with escape of carbon^ acid. Putrid blood, white of 
egg, or flour-paste, will effect this; by far the most potent alcoholic ferment ia, 
however, to be found in the insoluble, yellowish, viscid matter, deposited from 
beer in ^e act of fermentation, called yeast. If the sugar be dissolved in a 
large quantity of water, a due proportion of active yeast added, and the whole 
maintained at a temperature of 70^ or 80^, the change will go on with great 
rapidity. The gas disengaged will be fourid to be nearly pure carbonic acid; 
it is easily collected and examined, as the fermentation, once commenced, 
proceeds perfeedy well in a close vessel, as a large bottle or flask, fitted with 
a cork and conducting'tube. When the effervescence is at an end, and the 
liquid has become clear, it will yield alcohol by distillation. Such is the origin 
of this important compound; it is a product of the metamorphosis of sugar, 
under the influence of a ferment. 

The composition of alcohol is expressed by the formula C^H^Oa; it is 
produced by the breaking up of an equivalent of grape-sugar, Cg^HjgOjg, 
into 4 eq. of alcohol, 8 of carbonic acid, and 4 of water. It is grape-sugar 
alone which yields alcohol ; the ferment in the experiment above related first 
converting the cane-sugar into that substance. Milk-sugar may sometimes 
apparently be made to ferment, but a change into grape-sugar always really 
precedes the production of alcohol. 

The spirit first obtained by distilling a fermented saccharine Uquid is very 
weak, being diluted with a large quantity of water. By a second distillatioB, 
in which the first portions of the distilled liquid are collected apart, it may 
be greatly strengthened; the whole of the water caimot, however, be thus 
removed. The strongest rectified spirit of wine of commerce has a density 
of about '835, and yet contains 13 or 14 per cent of water. Pure or ahwAvU 
alcohol may be obtained iiom this by renlistilUng it with half its weight of 
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fresh quicklime. The lime is reduced to coarse powder, and put iuto a retort ; 
the alcohol is added, and the whole mixed by agitation. The neck of the 
retort is securely stopped with a cork, and the mixture left for several days. 
The alcohol is distilled off by the heat of a water-bath. 

Pure alcohdl is a colorless, limpid Hquid, of pungent and agreeable taste 
and odor; its specific gravity at 60® is '793, and that of its vapor 1*613. It 
is very infiammable, burning with a pale bluish flame, free from smoke, and 
has never been frozen. Alcohol boils at 173°, or perhaps a little below, and 
it is curious to remark that its volatility is increased by a small quantity of 
water, although, when more diluted, its boiling-point is progressively raised 
by each addition of that liquid. In the act of dilution a contraction of volume 
occurs, and the temperatmre of the mixture rises many degrees ; this takes 
place not only with pure alcohol, but with rectified spirit It is raiscible 
with water in all proportions, and, indeed, has a gi^eat attraction for the 
latter, absorbing its vapor from the air, and abstracting the moisture from 
membranes and other similar substances immersed in it The solvent powers 
of alcohol are very extensive; it dissolves a great number of saline com- 
pounds, many organic Substances, as the vegeto^lkalis, resins, essential oils, 
Imd various other bodies; hence its great use in chemical investigations, and 
in several of the cuts. 

The strength of commercial spirit is inferred from its density, when free 
from sugar and other substances added subsequent to distillation; a table 
exhibiting the proportions of real alcohol and water, in spirits of different 
densities, will be found at the end of the volume. The excise proof-spirit has 
a sp. gr. of *918, and contains nearly equal parts of each. ^ 
* Wine, beer, &c., owe their intoxicating properties to the alcohol they oon- 
tain^ the quantity of which varies very much. Port and sherry, and some 
other strong wines, contain, according to Mr. Brande, from 19 to 25 per cent 
of alcohol, while in the lightei^ wines of France and Germany, it H)metimes 
'falls as low as 12 per cent Strong ale contains about 10 per cent; ordinary 
spirits, as brandy,- gin, and whisky, 40 to 50 per cent, or occasionally more. 
These latter owe their characteristic flavors to certain essential oils, present in 
very small quantity, either generated in the act of fermentation, or purposely 
added. 

In making wine, the expressed juice of the grape is simply set aside in 
•ku^e vats, where it undergoes spontaneously the necessary change. The 
vegetable albumen of the juice absorbs oxygen firom the air, runs into decom- 
position, and in that state becomes a ferment to the sugar, which is gradually 
converted into alo6hol. If the sugar be in excess, and the azotized matter 
deficient, the resulting wine remains sweet ; but if, on the other hand, the pro- 
portion of sugar be small, and that of albumen lai^e, a di^ wine is produced. 
When the fermentation stops, and the liquor becomes clear, it is drawn off 
firom the lees, and transferred to casks, to ripen and improve. 

The color of red wine is derived from the skins of the grapes, which in 
such cases are left in the fermenting liquid. Effervescent wines, as cham- 
' pagne, are bottled before the fermentation is complete ; the carbonic acid is 
disengaged under pressure, and retained in solution in the liquid. The pro- 
cess requires much delicate management 

During the fermentation of the grape-juice. Or nmri, a crystalline, stony 
matter, called argol^ is deposited. This-consists chiefly of acid tartrate of 
potash, with a little tartrate of lime and coloring matter, and is the source of 
all the tartaric acid met with in commerce. The salt in question exists in 
the juice in considerable quantity; it is but sparingly soluble in water, but 
still less BO in dilute alcohol; hence as the fermentation proceeds, and the 
quantity of spirit increases, it is slowly deposited. The acid of the juice is 
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thua removed as the sugar disappears. It is this ciicumstanoe which renders 
grape-juice alone fit for making good wine j when that of gooseberries or cur^ 
rants is employed as a substitute, the malic and citric acids which these fruits 
contain cannot be thus withdrawn. There is, then^ no other resource but to 
add sugar in sufficient quantity to mask and conceal the natural acidity of the 
liquor. Such wines are necessarily acescent, picme to a second fermentation, 
and to many persons, at least, very unwholesome. 

Beer is a well-known liquor, of great antiquity, prepared fit>m germinated 
grain, generally barley, and is used in countries where the vine does not 
flourish. The operation of maiting is performed by steeping the barley in 
water until the grains become swollen and soft, then piling it in a heap or 
couch, to fiivor the elevation of temperature caused by the absorption of oxygen 
from the air, and afterwards spreading it upon a floor, and turning it over from 
time to time, to prevent Unequal heating. When germination has proceeded 
&x enough, the vitality of the seed is destroyed by kiln-diying. Ihiring this 
process, the curious substance already referred to, diastase, is produced, and a 
portion of the starch of the grain converted into sugar, and rendered soluble. 

In brewing, the crushed mah is infused in water at about 180^, and the 
mixture left to stand during the space of three hours or more. The easily 
soluble diastase has thus an opportunity of acting upon the unaltered starch 
of the grain, and changing the larger portion into dextrine and sugar. The 
clear liquor, or wort, strained from the exhausted tnalt, is next pumped up, 
into a copper boiler, and boiled with the requisite quantity of hops for com- 
municating a pleasant bitter flavor, and conferring on the beer the property of 
keeping without injury. The flowers of the hop contain a bitter, resinous 
principle called luptUine, and an essential oil, both of which are usefid. 

When the wort has been sufficiently boiled, it is drawn from the copper 
and cooled, as rapidly as possible, to near the ordinary temperature of the air, 
in order to avoid an irregular acid fermentation, to. which it would otherwise 
be liable. It is then transferred to the fermenting vessels, which in large 
breweries are of great edacity, and mixed with a quantity of yeast, the product 
of a preceding operation, by which the change is speedily induced. This is 
the most critical part of the whole operation, and one in tvhich Ibe skill and 
judgment of the brewer are most called into play. The process is in some 
measure under control by attention to the temperature of the liquid, and thid 
extent to which the change has been carried is easily known by the dkninished 
density, or attemuUion of the wort The fermentation is never suf^ed to run 
its full course, but is always stopped at a particular point, by separating the 
yeast, and drawing ofi* the beer into casks. A slow and almost insensible fer- 
mentation succeeds, which in time renders the beer stronger and less sweet 
than when new. 

Highly colored beer is made by adding to the malt a small quantity of 
strongly dried or charred malt, the sugar of which has been changed to caramel'. 
The yeast of beer is a very remarkable substance, and has excited much 
attention. To the naked eye it is a grayish-yellow, soft solid, nearly insoluble 
in water, and dries up to a pale brownish mass, which readily putrefies when 
moistened and becomes ofiensive. Under the microscope it exhibits a kind of 
organized appearance, being made up of little transparent globules, which 
sometimes cohere in clusters or strings, like some of the lowest members of 
the vegetable kingdom. Whatever may be the real nature of the substance^ 
no doubt can exist that it is formed from the soluble azotized portion of the 
grain during the fermentive process. No yeast is ever prodixjed in liquids 
free from azotized matter; that added for the purpose of exciting fermentatioti 
in pure sugar, is destroyed, and rendered inert thereby. When yeast is de- 
prived by straimng and strong pressure of as much water as possible, it waf 
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be kept in a cool plaoe, wilh nnaltered properties, for a long time; otfaerwiie, 
it speedily spoils. 

The distiller, who prepares spirits from grain, makes his wort, or loasA, much 
in the same manner as the brewer; hef uses, however, with the malt a large 
quantity of raw grain, the starch of which suffers conversion into sugar by the 
diastase of the malt, which is sufficient for the purpose. He does not bod his 
infusion with hops, but proceeds at once to the fermentation^which he pushes, 
as far as possible, by large and repeated doses of yeast Aloc^ol is manufac- 
tured in many cases from potatoes; the potatoes are ground to pulp, mixed 
with hot water and a little malt, to famish ' diastase, made to ferment, and 
then the fluid portion distilled. The potato-spirit is contaminated by a very 
offensive volatile oil, again to be mentioned ; die crude product from com con- 
tains a substance of a similar kind. The business of ^e rectifier consists in 
removing or modifying these volatile oils, and in replacing them by others of 
a more agreeable dmracter. 

In making bread, the vinous fermentation plays an imponant part; the yeast 
added to the doug^ converts the small portion of sugar the meal naturally 
contains into alcohol and carbonic acid. The gas thus disengaged, forces the 
toug^ and adhesive material into bubbles, i^Hiich are still further expanded by 
the heat of the oven, which at the same time dissipates the alcohol ; hence the 
tight and spongy texture of all good bread. Sometimes carbonate of ammonia 
is employed with the same view, being completely volatilized by the ,high 
temperature of the oven. Bread is now sometimes made by mixing a little 
hydrochloric acid and carbonate of soda in the dough; if proper proportions 
be taken, and the whole thoroughly mixed, the operation will no doubt be 
successful. The use of leaoen is one of great antiqui^; ^s is merely dough 
in a state of incipient putre&otion. When mixeid with a large quantity of 
fresh dough, it excites in the latter the alcohc^c fermentation, in the same 
manner as yeast, but less perfectly; it is apt to communicate a disagreeable 
«onr taste and odor. 

Lactic acid; lactic acid rmxrrATiov.— -Azotized albuminous sub- 
stances, which, in a more advanced state of putre&ctive change act as alcohol- 
feiments, often possess, at an earlier period of decay, the property of inducing 
an acid fermentation in sugar, the consequence of which is ihe conversimi of 
that substance into Jaetic acid. Thus, the azotized matter of malt, when suf- 
fered to putrefy in water for a few days, acquires the power of acidifying the 
sugar which accompanies it, while in a more advanced state of decomposition, 
it converts, under similar circumstances, the sugar into alcohol. The gluten of 
grain behaves in the same manner; wheatpflour, made into a paste with water, 
and left four or five dayn in a warm situation, becomes a mie lactic acid fer- 
ment; if left a day or two longer, it changes its character, and then acts Uke 
oonnnon yeast. Moist aninuil membranes in a slightly decaying condition, 
often act energetically in developing lactic acid. 

Cane-sugar, probably by previously becoming grape-sugar, and the sugar of 
milk, both yield lactic acid, the latter, however, most readily, the gmpe-engar 
having a strong tendency towards the alcoholic change. The best method of 
preparing lactic acid is said to be from milk-sugar; An additional quantity of 
that substance is dissolved in ordinary milk, which is then set aside in a warm 
place, until it becomes sour and coagulated. The caseine of the milk absorbs 
oxygen from the air, runs into putrefiiction, and addifiQS a portion of the sugar. 
The lactic acid formed, after a time coagulates and renders insoluble the case- 
ine, and the production of that add ceases. By carefully neutralizing, how- 
ever, the free add by carbonate of soda, the caseine becomes soluble, and 
resuming its activity, changes a fresh quantity of sugar into lactic acid, which 
may be also nentzahzed, and by a sufficiem number of repetitions of this pro- 
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cess, all the sugar of milk present may, in time, be acidified. When this has 
taken place, the liquid is boiled, filtered, and evaporated to dryness in a water 
bath. The residue is treated with hot alcohol, which dissolves out the lactate 
of soda. The alcoholic solution may then be decomposed by the cautious ad- 
dition of sulphuric acid, which precipitates sulphate of soda, insoluble in spirit. 
The free acid may, if needful, be neutralized with lime, and the resulting salt 
purified by recrystallization and the use of animal charcoal, after which it may 
be decomposed by oxalic acid. 

Lactic acid may be extracted from a great variety of liquids containing de- 
composing organic matter, as sauerkraut, a preparation of white cabbage; the 
sour liquor of the starch-maker, &c. It has been supposed to exist in the blood, 
nrine, and other animal fluids ; but this does not seem to be the case, at least 
in a state of health. 

Solution of lactic acid may be concentrated in the vacuum of the air-pump; 
over a surface of oil of vitriol, until it acquires the aspect of a colorless, sirupy 
liquid, of sp. gr. 1*215. It has an intensely sour taste and acid reaction; is 
hygroscopic, and very soluble in water, alcc^ol, and ether. It forms soluble 
salts with all the metollie oxides. The sirupy acid contains CgHgO.-4-HO, the 
-water being basic, and susceptible of replacement by a metallic oxide. 

When sirupy lactic acid is heated in a retort it undergoes decomposition, 
yielding, among other products, a white volatile substance, in rhomboidal, shin- 
ing crystals, which contains C^H^O., or anhydrous lactic acid minus an equiva- 
lent of water. When put into cold water, this curious body slowly dissolves, 
giving a solution of ordinary lactic acid; in hot water it rapidly disappears. 

The most important and characteristic of the lactates are those of lime apd 
the oxide of zinc. 

Lactate of uxx, CaO,C^H5.05-f-5HO, exists ready-formed, to a small ex- 
tent, in nux vomica ; it may be prepared irom sour milk, or the water in 
which sauerkraut has been boiled. When pure, it crystallizes in tufts of 
white needles. It is more fireely soluble in hot than in cold water. 

Lactatx or ziirc, ZnO, CgHgOg-^-SHO, is deposited from a hot solution in 
small brilliant 4-6ided prismatic crystals, which are not very soluble in cold 
water. The lactate of protoxide of iron is now used in medicine. 



When the expressed juice of the beet is exposed to a temperature of 90^ 
or 100^ for a considerable time, the sugar it contains suffers a peculiar kind 
of fermentation, to which the term vieooue has been applied. Gases are 
evolved which contain hydrogen, and when the change appears complete, 
and the products come to be examined, the sugar is found to have disappear- 
ed. Mere traces of alcohol are produced, but in place of that substance, a 
quantity of lactic add, mannite, and a mucilaginous substance resembling 
gum Arabic, and said to be identical with gum in composition. 

Pure sugar can be converted into this substance; by boiling yeast or the 
gluten of wheat in water, dissolving sugar in the filtered solution, and ex* 
posing it to a tolerably high temperature, the viscous fermentation is set up, 
and a large quantity of the gummy principle generated. A little gas is at 
the same time disengaged, which is a mixture of carbonic acid and hy- 
drogen.* 

* To these several modes of fermentation of sugar mus| yet be added the very carious 
one quite recently discovered and described by M. Pelouze. in which butyric acid is 
piodoead. Tliis will b« found under the head of Btttjrric acid. 
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PRODUCTS OF THE ACTIGIT OF ACIDS ON ALCOHOL. 

ETHKB.^When equal weights of rectified spirit and oil of vitriol are mixed 
in a retort, the latter connected with a good condensing arrangement, and the 
liquid heated to ebullition, a colorless and highly volatile liquid, long known 
under the name of ether^ or w^huric ethers distils over. The i3rocess must be 
stopped as soon as the contents of the retort blacken and froth, otherwise the 
product will be contaminated with other substances, which then make their 
appearance, llie ether obtained may be mixed with a little caustic potash, 
and redistilled by a very gentle heat. 

Pure ether is a colorless, transparent, fragrant liquid, very thin and mobile. 
Its sp. gr. at^ 60® is about *720 ; it boils at 96®, under the pressure of the at- 
mosphere, and freezes when exposed to very severe cold. When dropped on 
the hand it occasions a sharp sensation of cold from its rapid volatilization. 
Ether is very combustible ; it burns with a white flamej generating water and 
carbonic acid. Although the substance itself is one of the lightest of liquids, 
its vapor is very heavy, having a density of 2*686. Mixed with oxygen gas, 
and fired by the electric spark, or otherwise, it explodes with the utmost vio- 
lence. Preserved in an imperfectly-stopped vessel, ether absorbs oxygen, and 
becomes acid from the production of acetic acid;— this attraction lor oxygen 
is increased by elevation of temperature. It is decomposed by transmission 
throhgh a red-hot tube into olefiant gEis, light carburetted hydrogen, and a 
substance yet to be described, aldehyde. 

Ether is miscible with alcohol in all proportions, but not with water ; it 
dissolves to a small extent in that liquid, 10 parts of water taking up 1 part, 
or thereabouts, of ether. It may be separated from alcohol, provided the 
quantity of the latter be not excessive, by an addition of water, and in this 
manner samples of commercial ether may be conveniently examined. Ether 
is a solvent for oily khd fatty substances generally, and phosphorus to a small 
extent, a few saline compounds, and some organic principles, but its powers 
in this respect are much more limited than those of alcohol or water. 

Ether is found by analysis to contain C^H^O ; it resembles in many points 
an ordinary base in its relations to axiids, and is supposed to be the oxide of 
a salt-basyle, or organic metalloid, not yet isolated, containing C^H^. 

TcUfk of ether<omponmd», 

Ethyle, symbol Ae, . . . Cfi^ 

Oxide of ethyle ; ether . . . CMfi 

Hydrate of the oxide; alcohol . C^gOjHO 

Chloride of ethyle . . . C^H^Ol 

.. Bromide of ethyle . . . C^HgjBr 

Iodide of ethyle .... C^H^,! 

Cyanide of ethj/le . . . . C4H5,C«N 

Nitrate of oxide of ethyle . . C4H50,N06 

Hyponitrite of oxide of ethyle . C Jl50,NOs 

Oxalate of oxide of ethyle . . Cfifififi^ 
&c. &c. 



The saline, or jiwm-saline, compounds of ether and its radical are obtained 
from alcohol, directly or indirectly, by the action of the corresponding acids, 
as on an ordinary hydrated metallic oxide. Several of these compounds have 
been long known. No ether-salts of sulphuric or phosphoric acids have yet 
been formed, from the remarkable tendency of these acids to combine more 
intimately with the elements of the ether, and generate the compound acids 
called niphmmc and photphovmic. 
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The ether salts, like those of the metals, may be divided into haloid and 
oxygen-acid compounds ; tliey are mostly volatile liquids, in a few cases crys- 
taUizable solids, without action on vegetable colors, and not decomposable in 
the cold by alkaline carbonates. When heated with strong solution of caustic 
potash or soda, they suffer decomposition, yielding a salt of the alkali or alka- 
line metal, and hydrate of ether, or alcohol. They are bat little soluble in 
water, but dissolve with great ease in alcohol. 

Chlobidb of xthtlb; light htdrochlobic xthxb. AeCl.— ^Rectified 
spirit of wine is saturated wi,th dry hydrochloric acid gas, and the product dis- 
tilled with very gentle heat; or a mixture of 3 parts oil of vitriol and 2 of 
alcohol is poured upon 4 parts of dry common salt in a retort, and heat ap- 
plied ; in either case the vapor of the hydrochloricf ether should be conducted 
through a little tepid water in a wash-bottle, and then conveyed into a small 
receiver surrounded by ice and salt It is purified from adhering water by 
contact with a few fragments of fosed chloride of calcium. Hydrochloric 
ether is a thin, colorless, and excessively volatile liquid, of a penetrating, aro- 
matic, and somewhat alliaceous odor. Its sp. gr. is *874, and it boils at 52^; 
it is soluble in 10 pa^ of water, is not decomposed by solution of nitrate of 
silver, but is quickly resdved into chloride of potassium and alcohol by a hot 
solution of caustic potash. 

Bbomide of xthtlb ; htdbobboxic bthbb. AeBr. — ^This is prepared by 
distilling a mixture of 8 parts bromine, 1 part phosphorus, and 32 parts alco- 
hol. It is a very volatile liquid, of penetrating taste and smell, and superior 
in density to Water. 

loDiDB OF xthtlb \ HTDBioDic BTHBB. Acl. — Obtained by the actum of 
iodide of phosphorus on alcohol, or by saturating spirit with hydriodic acid 
gas, and distilling. Iodide of ethyle is a colorless liquid, of penetrating ethe 
real odor, having a density of 1*92, and boiling at 160®. It becomes red by 
contact with air from a commencement of decomposition. 

SuLPHUBBT OF ETHTLB. AcS.— Formed by the action of chlcnride of ethyle 
upon a solution of the monosulphuret of potassium.* It is colorless, has a 
disagreeable garlic odor, and boils at 163®. 

Ctakidb of bthtlb. AeC^.-— This is produced when a mixture of sulpho- 
vinate of potash and cyanide of potassium, both in a dry state, is slowly heated. 
It is colorless, has a powerful, offensive alliaceous odor, and a sp. gr. of *7. 
It boils at ISO®, resists the action of alkalis, but is decomposed by red oxide 
of mercury. 

IS^iTBATB OF oxiBB OF BTHTLB ; B^iTBic BTHBB. — ^AeO,N05.^-The nitrate 
has only receptly been obtained; it is prepared by cautiously distilling a 
mixture of equal weights of alcohol and moderately strong nitric acid, to 
which a small quantity of nitrate of urea has been added. The action of 
nitric acid upon alcohol is peculiar ;— the &cility with which that acid is de« 
oxidized by combustible bodies leads, under ordinary circumstances, to the 
production of nitrous acid on the one hand, and an oxidized product of alcohol 
on the other, a kjffXMtitrite of the oxide of ethyle being generated instead of a 
nitrate. Mr. Millon has shown that the addition of urea entirely prevents the 
formation of that substance, and at the same time preserves the spirit from 
oxidation by imdergoing that change in its place, the sole liquid product being 
the new ether. The experiment is most safely conducted on a small scale, 
and the distillation must be stopped when seven-eighths of the whole have 
passed over; — a little water added to the distilled product separates the nitrio 
ether. Nitric ether has a density of 11 12 ; it is insoluble in water, has an 
agreeable sweet taste'and odor, and is not decomposed by an aqueous solu* 

* Regnaolt, Ann.- Clam, et Pfays., IxxL p. 367. 
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tkm of caustic potash, although thst substance dissolved in alcohol, attacks it 
even in the cold with production of nitrate of potash. Its vapor is apt to 
explode when strongly heated.* 

HtPOVITBITX of TBB OXIDB WXTHTSX; HTPOVITBOUS OB HITR0V8 BTHXB. 

Ae0^03.^Pure hyponitrous ether can only be obtained by the direct action 
of the acid upon alcohol. 1 part of potato-starch, and 10 parts of nitric acid, 
are gently heated in a capacious retort or flask, and the vapor of hyponitroos 
add thereby evolved conducted into alcohol mixed with half its weight of 
water, contained in a two4iecked bottle, which is to be plunged into cold 
water, and connected with a gpod xx)ndensing arrangement All elevation 
of tempemture must be carefully avoided. The product of this operation is 
a pale yeUow volatile liquid, possessing an exceedingly agreeable odor of 
apples ; it boils at 62®, and has a density of *947. It is decomposed by potash, 
without darkening, int» hyponitrite of the base, and aicohoLf 

Hyponitrous ether, but contaminated with aldehyde, may be prepared by 
the following simple method. Into a tall cylindrical bottle or jar are to be 
introduced successively 9 parts of alcohol of sp. gr. *830, 4 parts of water, 
. and 8 parts of strong fuming nitric acid ; the two latter are added by means 
• of a long funnel with very narrow orifice, reaching to the bottom of the bottle, 
po that the contents may form three distinct strata, which slowly mix from 
the solution of the liquids in each other. The bottle is then loosely stepped 
•and left two or three days in a cool ^lace, after which it is finmd to contain 
two layers of liquids, of which the uppermost is the ether. It is purified by 
rectification. A some^yhat similar product may be obtained by careftiUy 
distilling a mixture of 3 parts rectified spirit and 2 of nitric acid of 1*28 
■8p. gr.; the fire must be withdrawn as soon as the liquid boils. 

The noeet tpiriU of mtn of pharmacy, prepared by distilling three pounds 
of aloohol with four ounces of nitric acid, is a solution of hyponitrous ether, 
aldehyde, and perhaps other substances, in spirit of wine. 

Cabbobatb 07 oziBK OF BTHT£x; CABROBic XTBBB. AcO, COg*-— Frag- 
ments of potassium or sodium are dropped into oxalic ether as long as gas is 
disengaged; the brown pasty product is then mixed with water and distilled. 
The carbonic ether is found floating upon the snriace of the water of the re- 
ceiver as a. colorless, limpid liquid of aromatic odor and burning taste. It 
boils at 259®, and is decomposed by an alcoholic solution of potash into car- 
bonate of that base, and alcohol^ 

Of the ethers of the organic acids, the following are the most important :— 

OXAKATX OF TBX OXIDS OF XTBT£X; OXALIC STOXB. AeOfOjOg.^-This 

•compound is most easily Obtained by distilling together 4 parts binoxalate of 
potash, 5 parts oil of vitriol, and 4 parts strong alcohol. The distillation may 
be pushed nearly to dryness, and the receiver kept warm to dissipate any 
ordinary ether that may be formed. The product is mixed with water, by 
which the oxalic ether is separated firom the undecomposed spirit ; it is re- 
peatedly washed to remove adhering acid, and re-distiUed in a small retort, 
the first portions being received apart, and rejected. 

Pure oxalic ether is a oolorless oily liquid, of pleasant aromatic odor, and 
1*09 sp. gr. It boils at 363®, is but little soluble in water, and is readUy de- 
composed by caustic alkalis into an oxalate and alcohol. With solution of 
ammonia in excess, it yields ozamide and alcohol This is the best process 
for preparing oxamide, which is obtained perfectly white and pure. When 
dry gaseous ammonia is conducted into a vessel containing oxalic ether, the 
gas Is rapidly absorbed, and a white solid substance produced, which is solu- 

* Ann. Chim. et Phys. 3d Series^ viii. p. 232. 

t Liebig ; Geiger's Fharmacie, i. p. 718. 

t Ettling, Amvuendor Pkanaacie, six. p. 17. 
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Ue in hot alcohol, and separates, on cooAxag, in colorless, transparent, scaly 
crystals. They dissolve in water, and are both fhsible and volatile. The 
name oxamethane is given to this body: it consists of CgH.yNO0. The same 
substance is formed when ammonia in small quantity is added to a solution 
of oxalic ether in alcohol. 

AcxTATX OF oxiDB OF XTHTLX ; ACETIC KTiicB. AeOfiflfi^ ^- Acetic 
ether is conveniently mEide by heating together in a retort 3 parts of acetate 
of potash, 3 parts of strong alcohol, and 2 of oil of vitriol. The distilled pro- 
duct is mixed with water, to separate the alcohol, digested first with a little 
chalk, and aflerwards with fused chloride of calcium, and, lastly, rectified. 
The pure ether is an exceedingly fragrant, liniptd liquid ; it has a density of 
*890, and boils at 165^. Alkalis decompose it in the usual manner. 

FOBMIATE OF THS OXIDX OF STBTLK *, FOBMIC XTHtB. AeO, CjHO^ 

A mixture of 7 parts of dry formiate of soda, 10 of oil of vitricrf, and 6 of 
strong alcohol, is to be subjected to distillation: The formic ether, separated 
by the addition of water to the distilled product, is agitated with a little mag- 
nesia, and left several days in contact with chloride of calcium. Formic ether 
is colorless, has an aromatic smell, atid density of *915, and boils at 133^. 
Water dissolves this substance to a small extent 

QBirAirTHic xther. — ^The aroma possessed hy certain wines appears due 
to the pres^ice of the ether of a peculiar acid, called the ananthicj and which 
is ptobebly generated during fermentation. When such wines are distilled 
on the large scale, an oily liquid passes over towards the close of the opera- 
tion, which consists, in great measure, of the crude ether ; it may be purified 
by agitation with solution of carbonate of potash, freed from water by a few 
fragments of chloride of calcium, and redistilled. (Enanthic ether is a tilling 
colorless liquid, having a powerful and almost intoxicating vinous odor; it 
has a densi^ of *862, boils at 410^, and is but sparingly^ soluble in water, al- 
though, like the compound ethers in general, it dissolves with fecility in alco- 
hoL It contains CjgHj^Og, or AeO, C^flifig, The density of its vapor is 
10-6. 

A hot solution of caustic jlotash instantly decomposes oenanthic ether; al- 
cohol distils over, and oenanthate of potash remains in the retort; the latter is 
■zeadily decomposed by warm dilute sulphuric acid, with liberation of oenan- 
thic acid. Purified by repeated washing with hot water, cenanthic acid pre- 
sents the appearance of a colorless, inodorous oil, which lit 55® becomes a soft- 
solid, like butter. It reddens litmus-paper, and dissolves easily in solutions 
of the alkaline carbonates, and in spirit, and very much resembles the fatty 
acids, to be hereafler described, the product of saponification. The acid thus 
obtained is a hydrate, composed of C,^H,,02-}-H0. By distillation, this water 
is abandoned, and anhydrous acid passes over, containing Cf^HjgOg. CEInan- 
thic ether may be reproduced by distilling a mixture of 5 parts sulphovinate 
of potash, and 1 part hydrated cenanthic acid.* 

Cblobocabbobic xthxb. — ^Although the constitution -of this substance is 
doubtful, it may be here described. Absolute alcohol is introduced mto a glass 
globe containing chlorocarbonic acid (phosgene gas) ; the gas is absorbed in 
large quantity, and a yelhywish liquid produced, from which water separates 
the chlorocarbonic ether. When freed from wa^r by chloride of calcium, and 
from adhering acid by rectification from litharge, it forms a thin, colorless, 
neutral liquid, which bums with a green flame. Its density is 1*133; it boils 
at 202°. The vapor, mixed with a large quantity of air, has an agreeable 
odor, but when nearly pure, is extremely sufibcating. It contains C^HgCi O4. 
The density of the vapor is 3*82. 

• Liebig and Peloaze, Aa^. Chim. et PhySn IxUi. p. 113. 
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The action of axnmonia, gaseous or liquid, upcm this substance, gives rise 
to a very curious product, called by M. Dumas urethane; sal-ammoniac is at 
the same time formed. Urethane is a white, solid, crystallizable body, fusible 
below 212°, and distilling unchanged, when in a dry state, at about 356°; if 
moisture be present, it is decomposed, with evolution of ammonia. Water 
dissolves this substance very easily ; the solution is not affected by nitrate of 
silver, and yields, by spontaneous evaporation, large and distinct crystals. It 
contains CQH7NO4, or the elements of carbonic ether and icrvo, — whence the 
name.* 

COMPOUirD ACIDS COSTTAINIirO THE SLEMSITTS Of ETHES. 

SvLFKOYivic ACID. C^H^O , 2S0^H0.^ — Strong rectified spirit of wine 
is mixed with an equal weight of concentrated sulphuric acid, as in the or- 
dinary preparation of ether; the mixture is heated to its boiling point, and 
then left to cool. When cold, it is diluted with a large quantity of water, 
and neutralized with chalk ; much sulphate of lime is produced The mass 
is placed upon a cloth filter, drained, and pressed ; the clear solution is eva^ 
porated to a small bulk by the heat of a warm-bath, filtered from a little 
sulphate, and left to crystallize ; the product is sulphovinate of fime, in beauti- 
ful, oolprless, transparent crystals, containing CaO-f-C^HgO. 2SOg-4~^^^< 
They dissolve in an equal weight of cold water, and effloresce in a dry atmo- 
sphere. 

A similar salt, containing baryta, BaO+C^H^O, 2SO,-j-2HO, equally soluble, 
and still more beautiful, may be produced by substituting, in the above pro- 
cess, carbonate of baryta for chalk ; from this substance the hydrated acid may 
be procured by exactly precipitating the base by dilute sulphuric acid, and 
evaporating the filtered solution, in vacuo, at the temperature of the air. It 
forms a sour, sirupy liquid, in which sulphuric acid cannot be recognized, and 
is very easily decomposed by heat, and even by long exposure in the vacuum 
of the air-pump. All the sulphovinates are soluble ; the solutions are decom- 
posed by ebullition. The lead-salt resembles the barytic compound. That 
of potash, easily made by decomposing sulphovinate of lime by carbonate of 
potash, is anhydrous; it is permanent in the air, very soluble, and crystallizes 
well 

Sulphovinate of potash, distilled with concentrated sulphuric acid, gives 
ether; with dilute sulphuric acid, idcohol; and widk strong acetic acid, acetic 
ether. Heated with hydrate of lime or baryta, the sulphovinates yield a aul* 
phate of the base, and alcohol. 

PHOSFHOvnric acid. Cfifi, PO^-f 2H0.-»This acid is bibasic. The 
baiyta-salt is prepared by heating to 180° a mixture of equal weights of 
strong alcohol and sirupy phosphoric acid, diluting this mixture, after the 
lapse of 24 hours, with water, and neutralizing by carbonate of bajyta. The 
solutk>n of phosphovlnate, separated l^ filtration &om the insoluble phosphate, 
is evaporated at a moderate temperature. The salt crystallizes in brilliant 
hexagonal plates, which have a pearly lustre, and are more soluble in cold 
than in hot water ; it dissolves in 15 parts of water at 68° The crystab 
contain 2BBL0^^Hfi, P0^12H0. From this sujbstance the hydrated acid 
may be obtained, by precipitating the barsrta by dilute sulphuric acid, and 
evaporating the filtered liquid in the vacuum of the air-pump ; it forms a 
colorless, sirupy liquid of intensely sour taste, which sometimes exhibits ap- 
pearances of crystallization. It is very soluble in water, alcohol, and ether, 
and easily decomi)osed by heat when in a concentrated state. 

* Ann. Chim. et Pays., Uv. p. 22S. 
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The phosphoviDates of lime, silver, and lead, possess but little solubility; 
those of the alkalis, magnesia and strontia, are freely soluble. 

OxAX.OTiiric ACID. C^HgO, 2C2O3-4-HO. Oxalic ether is dissolved in 
anhydrous alcohol, and enough alcoholic solution of caustic potash added to 
neutralize one-half of the oxalic acid present, whereupon the potash-salt of 
the new acid precipitates in the form of crystalline scales, insoluble in alco- 
hol, but easily dissolved by water. The free acid is obtained as a sour and 
exceedingly instable liquid by the addition of hydrofluosilicic acid to a solution 
of the preceding salt in dilute alcohol. It forms with baryta a very soluble 
salt. 



Another, and a different view, is very frequently taken of the substances 
just described, and of many analogous compounds. The sulphovinates, phos- 
phovinates, &c., are supposed to possesis a constitution resembling that of ordi- 
nary double salts, one of the bases being a metallic oxide, and the second ether. 
Thus, anhydrous sulphovinate of baryta, is written BaO , SO3+C4H5O , SO-, 
or double sulphate of baryta and ether; hydrated sulphovinic acid is HO, 
SOg+C4H50,S03, or bisulphate of ether. There are, however, grave ob- 
jections figainst this mode of viewing the subject ; in every true double salt 
the characters both of acid Mid bases rem^n unchanged ; alum gives the re- 
actions of sulphuric acid, of alumina, and of potash, while in sulphovinic acid 
or a sulphovinate, not a trace of sulphuric acid can be detected by any method 
short of actual decomposition by heat, or otherwise. If sulphovinate of baiyta 
contain sulphate of baryta ready formed, it is very difficult to understand how 
that salt can be decomposed by an addition of sulphuric acid. The student 
must, however, bear in mind that aU views of the constitution of complex 
organic compounds must, of necessity, be to a great extent hypothetioal, and 
liable to constant alteration with the progress of science. 



Produdi of Decomposition of Sulphovinic Acid by Heat, 

A solution of sulphovinic acid, or, what is equivalent to it, a mixture, in 
due proportions, of oil of vitriol and strong alcohol, undergoes decomposition 
when heated, yielding products which differ with the temperature to which 
the hquid is subjected. The cause of the decomposition is to be traced to 
the instability of the compound itself, and to the basic power of water, and 
the attraction of the latter for sulphuric acid, in virtue of which it determines 
the production of that substance, and liberates the elements of the ether. 

When the sulphovinic acid is so far diluted as to boil at 260^ or below, or 
when a temperature not exceeding this is applied to a stronger solution by 
the aid of a liquid bath, the compound acid is resolved into sulphuric acid, 
which remains behind in the retort or distillatory vessel, while aloohol, and 
mere traces of ether, are volatilized. 

An acid whose boiling-point lies between 260^ and 310®, is decomposed, 
by ebullition, into- hydrated sulphuric acid and ether, which is accompanied 
by small quantities of alcohol. ' 

Lastly, when, by ^e addition of a large quantity of oil of vitriol, the boil- 
ing-point of the mixture is made to rise to 320'' and above, the production of 
ether diminishes, and other substances begin to make their appearance, of 
which the most remarkable is olefiant gas. The mixture in the retort 
blackens, sulphurous acid and carbonic acid are disengaged, a yellow, oily, 
aromatic liquid passes over, and a coaly residue is left, which contains sulphur. 
The chief and characteristio product is the olefiant gas ; the others may ba 
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considered the result of seoondaxy actions. The three modes of decomposition 
may be thus contrasted :— - 

Below 260°-C^^O^^SOgh | . cjlfi+KO and 2S0, HO 

2«0O-310O-C,^O,^gHJ.C,H.0 andSSO^HO 

Above 320O_C,^. 2SO3+ > _ ^H, and 2SO3 HO 

The ether^pioducing temperature is thus seen to be circumscribed within 
narrow limits ; in the old process, however, in which a mixture of equal 
weights of alcohol and sulphuric acid is subjected to distillation, these con- 
ditiona can be but partially complied with. At first the tempemmre of the 
mixture is too low to yield ether in any quantity, and towards the end of the 
process, long before all the sulphovinic acid has been decomposed, it becomes 
too high, so that defiant gas, and its accompanying products, appear instead. 
The remedy to this inconvenience consists in restraining the temperature of 
ebullition of the mixture within its proper bounds by the introduction of a 
constant supply of alcohol, to combine with the Uberated sulphuric acid, and 
reproduce the sulphovinic acid as ^ast as it becomes destroyed^ The im- 
pfioved, or eontimunu ether-process, in which the same acid is made to ethenfy 
an almost indefinite quantity of spirit, may be thus elegantly conducted upon 
a small scale. 

A wide*necked flask is fitted with a sound cork, perforated by three aper* 
tures, one of which is destined to receive a thermometer, with the graduation 
on the stem ; a second, the vertical portion of a long narrow tube, terminating 
in an orifice of about i^th of an inch in diameter; and the third, a wide b^it 
tube, connected with the condenser, to carry oflf the volatilized products. A 
mixture is made of 8 parts by weight of concentrated sulphuric acid, and 5 
parts of rectified spirit of wine, of about *834 sp. gr. This is introduced into 
the flask, and heated by a lamp. The liquid soon boils, and the thermometer 
very shortly indicates a temperature of 300** j when this happens, alcohol of 
the above density is sufiered slowly to enter by the narrow tube, w^hich is put 
into communication with a reservoir of that liquid, consisting of a large bottle, 
perforated by a hole near the bot^m, and furnished with a small brass 
stop-cock, fitted by a cork ; the stop-cock is secured to the end of the long 
tube by a caoutchouc connecter, tied, as usual, With silk cord. As the tube 
passes nearly to the bottom of the flask, the alcohol gets thoroughly mixed 
with the acid liquid, the hydrostatic pressure of the fluid column being sufii- 
cient to ensure the regularity of the flow ; the quantity is easily adjusted by 
the aid of the stop-cock. For condensation, a Liebig's condenser may be used, 
supplied with ice<cold water. The arrangement is figured on the page next 
following. 

The intensity of the heat, and the supply of alcohol, must be so adjusted 
that the thermometer may remain at 300°, or as near that temperature as 
possible, while the contents of the flask are maintained in a state of rapid and 
violent ebulhlion — a point of essential importance. Ether and water distil 
over together, and collect in the receiver, forming two distinct strata; the 
mixture slowly blackens, from some slight secondary action of the acid upon 
the spirit, or upon the impurities in the latter, but retains, afYer many hours' 
ebullition, its etherifying powers unimpaired. The acid, however, slowly 
volatilizes, partly in the state of oil of Iwine, and the quantity of liquid in the 
flask is found, aiter the lapse of a considerable interval, sensibly diminished. 
This loss of acid constitutes the only limit of the duration of the process, 
which might otherwise be continued indefinitely. 
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On the largo aaHe, Ihe flaek may be rsplHOed by a Tewel of lead, the tubes 
being also of the eeme metal ; the auxa oT the tkemioraetet may be made lo 
pass airti^t tfajongh the cotgi, and heat may, peihiips, be odvontageoiulf 

Fig, 157.> 



'Si. 



applied by high-presmre tieam, or hot oil, circulating in a apind of metal 
tobe, Inunersed in the miinua of acid and spirit. 

The crude ether ia to be separated from the water on which it Boats, ngi- 
IMed with a little solution of caustic potash, and re-dialilled by the heat of 
wnrm water. The aqueous portion, treated with an alkaline salutiou, and 
diMillod, yields alcohol, conlairiing a little elher. Sometimes the spoDtatieoiis 
separation before mentioned does not occur, from the accidental presence of a 
larger quantity than usual of undecomposed alcohol j the addition of a little 
water, however, always suffices to determine IL 

HiiTT on 01 wiKi. — When a mixture of 3^ parts of coneentniled inl- 
phnrio acid, and I part of rectified spirit of wine, of '833 sp, gr. is subjected 
todistillBtioD,alittle elher comes over, but JsquieklyBuoceedadby ayellowisfai 

■ Pi» 157 ApptrBtni (bithepreBanliaaofctbsr:— a. Fluk contKining the miztare, 
oil of Filriol andalrahpl. b. Reservoir, wiih siop-cock, for iiipplying h. . 



ling liquid. 
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oily liquid, which mky be freed from sulphurous acid by agitation with 
water, and from ethw and undeoomposed alcohol by exposure in the vacuum 
of Che air-pump, besides two open capsules, the one containing hydrate of 
potash, and the other concentrated sulphuric acid. This substance may be 
prepared in larger quantity by the destructive distillation of dry sulphovinate 
of lime ; alcohol, oil of w;ine, and a small quantity of an exceedingly volatile 
liquid, yet imperfectly examined, are produced. . Pure oil of wiife is color- 
less, or greenish, of an oily consistence, and heavier than water ; it has an 
aromatic taste, and an odor resembling that of peppermint Its boiling-point 
is tolerably high. It is soluble in alcohol and ether, but scarcely so in water. 
By analysis, it is found to contain CgHgO, 2SO3, or perhaps Cfi^, SO, — 
Cflfi, SO3 ; that is^ neutral sulphate of ether, in combination with the sulplmte 
of a hydro-carbon, etherok. . . 

In contact with boiling water, oil of wine is resolved into sulphovinic acid, 
and a volatile liquid, known by the name of l^hty or tweet oU of wine; with 
an alkaline solution^ this effect is produced with even greater facility. Light 
oil of wine, left in a cool place for several days, deposits crystals of a white 
solid matter, which is tasteless, and has but little odor ; it is called etherine. 
The fluid residual portion is yellowish, oily, and lighter than water ; it has a 
high boiling-point, solidifies at a very low temperature, and is freely soluble 
in alcohol and ether ; it bears the name of etheroU, Both etherole and etherine 
have the same .composition, namely C4H4, and are ccmsequently isomeric with 
defiant gas.* 

Olsfiaitt gas. — This substance may also be advantageously prepared on 
the principle described, by restraining t^e temperature within certain bounds, 
and preventing the charring and destruction of the alcohol, which always 
occurs in the old process, and which, at the same time, lead to the production 
of sulphurous and carbonic acids, which contaminate the gas. 

If the vapor of alcohol be passed into somewhat diluted sulphuric add, 
maintained at a boiling heat, it is absorbed with production of sulphovinic 
acid, which is shortly afterwards decomposed into water and olefiant gas. 
The process is thus conducted:— 'A wide-necked flask, containing rectified 
spirit of wine, is fitted with a cork, through which pass an ordinary safety- 
tube, with a little water, and a bent glass tube, intended to convey the vapor 
of the spirit into the acid. The latter must be of such strength, as to have a 
boiling-point between 320^ and 330''; it is prepared by diluting strong oil of 
vitriol with rather less than half its weight of water. The acid is placed in 
a second and larger flask, also closed by a cork, into which are inserted two 
tubes, and a thermometer. The brst is a piece of straight tube, wide enou^ 
to allow the tube conveying the alcohol-vapor to pass freely down it, and 
dipping a little' way into the acid; the second is a narrow bent tube, the ex- 
tremity of which is immersed in the water of the pnetunatic trou^. Both 
flasks are heated; and as soon as it is seen that the acid is in a state of tran- 
quil ebullition, while the thermometer marks the temperature above men- 
tioned, the spirit is made to boil, and its vapor carried into the acid, which 
very soon begins to evolve olefiant gas and vapor of water, accompanied by 
a little ether and oil of wine, but no sulphurous acid. The acid liquid does 
not blacken, and the experiment may be carried on as long as may be 
desired. This is a very elegant and instructive, although somewhat trouUe- 
iome, method of preparing the gas. The essential parts of the apparatus are 
shown in fig. 158. 

* S^rnllas, Ann. Chim. et Phys. xxxix. p. 1S3; also, Marchand, Id. Ixfx. p. 2S0. 
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Fig. 166, 
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Cklobidx ot oLxriAirr oas ; dutgb lkivib. — ^It has long been known that 
when equal measures of olefiant gas and ehlorine are mixed over water, ab* 
Borption of the mixture takes place, and a yellowish 
oily liquid is produced, which collects upon the sur- 
ftee of the water, and ultimately sinks to the bottom 
in drops. It may be easily prepared, in quantity, by 
causing the two gases to combine in a glass globe, hav* 
ing a narrow neck at the lower part, dipping into a 
small bottle, destined to receive the product The two 
gases are convciyed by separate tubes, and allowed to 
mix in the globe, the olefiant gas being kept a little in 
excess. The chlorine should be washed with water, 
and the olefiant gas passed through strong oil of vitriol, 
Id remove vapor of ether; the presence of sulphurous 
and carbonic acids is not injurious. Comfainatioo takes 
place very rapidly, and the liquid product trickles down 
the sides of the globe into the receiver. When a con- 
siderable quantity has been collected, it is agitated first 
with water, and afterwards with concentrated sulphu- 
ric acid; it is, lasdy, purified by re-distillation. If im- 
pure olefiant gas be employed, the crude product con- 
tains a laj^e quantiQr of a substance, called by M. Reg- 
nault chhro-tu^huric acid, which, on contact with water, 
is converted, by the decomposition of the latter into 
sulphuric and hydrochloric acids. 

Pure Dutch-liquid is a thin, colorless fluid, of agreea- 
bly fragrant odor, and sweet taste; it is slightly soluble 
21 
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in water, and readily so in alcohol and ether. It is heavier than water, and 
boils when heated to 1 80^; it is unaffected by oil of vitriol and solid hydrate 
of potash. When inflamed it bums with a greenish, smoky light This sub- 
stance yields, by analysis, C^H^Cl^ 

When Dutch-liquid is treated with an alcoholic solution of caustic potash, it 
is slowly resolved into chloride of potassium, which separates, and into a new 
and exceedingly volatile substance, containing C4H3CI, whose vapor requires 
to be cooled down to 0° F^ before it condenses. At this temperature it forms 
a Hmpid, colorless liquid. Chlorine is absorbed by this substance, and a com- 
pound produced, which oontains C4H3Clg; this is in turn decomposed by an 
alcoholic solution of hydrate of potash into chloride of potassium, and a new 
volatile liquid, C^HfCl^ 

Broxidb Axn lODiDX Of OLXviAHT OAS. C^H^Br^, and C^H^I,. — ^These 
compounds correspcHid to Dutch-liquid ; they are produced by bringing olefiant 
gas in contact with bromine and iodine. The bromide is a colorless liquid, 
of agreeable ethereal odor, and has a density of 2*16; it boils at 265^, and 
solidifies, when cooled, to near 0^. The iodide is a colorless, crystalline, 
volatile substance, of penetrating odor; it melts at 174^, resists the action of 
sulphuric add, but is decomposed by caustic potash. 

PaODUCTS OF THE ACTIOir OF CHI^OBIITX GIT DUTCH LKlinn; CHU>aiI)XS OF 

GABBOir. — ^Dutch-liquid readily absorbs chlorine gas, and yields several new 
compounds, produced by the abstraction of successive portions of hydrogen, 
and its replacement or substitution by equivalent quantities of chlorine.* This 
regular tM^ffitu^ion of chlorine, iodine, oxygen, &c., in place of hydrogen, is a 
phenomenon of constant occurrence in reactions between these bodies, and 
very many organic compounds. In the present case, three such steps may be 
traced, giving rise, in each instance, to hydrochloric acid, and a new substance. 
Two out of the three neW products are volatile liquids, containing C^HgClg and 
C^HgC)^; the third, in which the substitution of chlorine for hydrogen is com- 
plete, is the Mundt of earbony long ago obtained by Mr. Faraday, by putting 
Dutch-liquid into a vessel of chlorine gas, and exposing the whoie to the in* 
fluence of light 

Perchhride ofcarbon, C^Cl^, is a white, solid, crystalline substance, of aromatie 
odor, insoluble in water, but easily dissolved by alcohol and ether; it melts at 
320^, and 1x>ils at a temperature a little above. It burns with difficulty, and is 
unaffected by both acids and alkalis. It is prepared as above stated. 

ProtodUoride. of carbon. C^Cl^/— When the vapor of the preceding substance 
is transmitted through a red-hot porcelain tube filled with fragments of glass 
or rock-crystal, it is decomposed into free chk)rine, and a second chloride of 
carbon, which ccmdenses in the form of a volatile, colorless liquid, which has 
a density of 1*55, and boils at 248^. The density of its vapor is 5*82. It re- 
sembles in chemical relations the perchloride. A third, or tubdUoride of carbon^ 
C4CI2, is produced when the protochloride is passed many successive times 
through an ignited porcelain tube; it is a white, volatile, silky substance, solu- 
ble in ether.f 

C0MBUST191.S PLATnnrM-SALTS OF zxisx.— A solution of chloride of platinum 
in alcohol is mixed with a little chloride of potassium dissolved in hydrochloric 
acid, and the whole digested some hours at a high temperature. The alcohol 
is distilled off. the acid residue neutralized by carbonate of potash, and left to 
crystallize. The distilled liquid contains hydrochloric ether and aldehyde^! 
The platinum-salts forms yellow, transparent, prismatic crystals, which become 

* Regnanlt, Ann. Chim. et Phys., Ixix. p. 15L 

t Idem., Izz. p. 106. 

t Zeise, Ann. Chim. et Phys., Iziii. p. 411. 
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opaqae on heating fVom loss of water ; when introduced into the fame of a 
spirit-lamp, the salt bums yividly, leaving metallic platinum. It is soluble in 
5 parts of warm water. When dried at 212°, this substance contains Pt^Cl, 
C4H^4'^^^ Corresponding compounds, containing Pt^Clj, C^H^-f*^^^^ ^^'^ 
Pt-Ci^C^H^+NH^Cl, are known to exist 

The chlonde of potassium can be separated from the above compound by the 
cautious addition of chloride of platinum ,* the filtered solution yields by evapo- 
ration in vacuo a yellow, gummy, fund mass. The solution is slowly decom- 
posed in the cold, and rapidly at a boiling heat, with separation of a black 
precipitate. These compounds are of uncertain constitution. 

VB0SUCT8 or THX ACTIOlT OY AlTHTDBOnS BULPBUBIO ACID OIT ALCOHOL, 

BTHXR, AJTD OLKFIAITT OAS. 

When absolute alcohol is made to absorb the vapor of anhydrous sulphuric 
acid, a white, crystalline, solid substance is produced, fusible at a gentle heat, 
which, when purified from adhering acid, is found to consist of carbon, hy- 
drogen, and the elements of sulphuric add, in the relation of the equivalent 
numbers, or probably C4H., 4S0g. To this substance Magnus applies the 
name tu^hate of cariyle* A body very similar in appearance and properties, 
and possibly identical with this, had previously been produced by M. Reg- 
nault,*!* by passing pure and dry defiant gas over anhydrous sulphuric acid 
contained in a bent tube. 

When the crystals of sulphate of carbyle are dissolved in alcohol, water 
added, the whole neutralized by carbonate of baryta, and the filtered solution 
concentrated by a very gentle heat to a small bulk, and then mixed with a 
quantity of alcohol, a precipitate falls, which consists of baryta, in combination 
with a peculiar add closely resembling the sulphovinio, but yet differing in 
many important particulars. By the cautious addition of dilute sulphuric 
acid, the base may be withdrawn, and the hydrate of the new acid left in 
solution; it bears the name of ethiomc acid^ and contains C4HgO,4S034-2HO. 
The ethionates differ completely from the sulphovinates; all are soluble in 
water, and appear to be anhydrous. Those of lime, baryta, and oxide of 
lead refuse to crystallize; the ethionates of potash, soda, and ammonia, on the 
contrary, may readily be obtained in good crystaXa, 

When a solution of ethionic add is boiled, it is decomposed into sulphuric 
acid, and a second new acid, the itetkionicj isomeric with sulphovinic acid. 
The isethionio acid and its salts are very stable; their solutions may be boiled 
without decomposition. The isethionates of baryta, lead, copper, potash, soda, 
and ammonia crystallize with fadlity, and cannot be confounded with the 
sulphovinates. The hydrated acid contains CfifiyiSO^-^RO, 

The action of anhydrous sulphuric acid on ether seems to be tnore com- 
plex ; no crystals are seen to form, and the liquid, when diluted and saturated 
with carbonate of baryta, yields, in addition to ethionic add, a peculiar vola- 
tile liquid, recognized as heavy oil of wme. When the temperature of the 
ether has not been carefully kept down, a third new compound acid, the 
tn^kiofuCf is said to be generated. A fourth, termed by M. Regnanlt aUhionie 
acid, identical in compositicxi vinth sulphovinic add, but distinguishable by 
its properties from the others, is said to have been procured firom the black 
residue of the preparation of defiant gas ; M. Magnus, however, could only 
obtain from this source by saturation with carbonate of bar3rta the ethionate, 
isethionate, and sulphovinate of that base. 

* Ann. Chim. et Phys., Ixxii. p. 6& t Id., Ixv. p. Oa 
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OOMrOUlTBt. 

Chiobal.—* Perfectly dry chlorine is passed into anhydrous alcohol to satu- 
ration ; the gas is absorbed in large quantity, and hydrochloric acid abundantly 
produced. Towards the end of the process the reaction must be aided by 
heat When no more hydrochloric acid appears, the current of chlorine is 
interrupted, and the product agitated with three times its volume of concen- 
trated sulphuric acid ; on gently warming this mixture in a water>bath, the 
impure chloral separates as an oily liiquid, which floats on the sur&ce of the 
acid ; it is purified by distillation from fresh oil of vitriol, and afterwards 
from a small quantity of quicklime, which must be kept completely covered 
by the liquid, until the end of the operation. 

Chloral is a thin, oily, colorless liquid, of peculiar and penetrating odor, 
which excites tears f it has but little taste. When dropped upon paper, it 
leaves a greasy stain, which is not, however, permanent. It has a density of 
1'502, and boils at 201°. Chloral is freely soluble in water, aloohol, and 
ether; it frnns, with a small quantity of water, a solid, crystalline hydrate; 
the solution is not afibcted by nitrate of silver. Caustic baryta and lime de- 
compose the vapor of chloral when heated in it with appearance of ignition ; 
the oxide is converted -into chloride, carbon is deposited, and carbonic oxide 
set free. Solutions of caustic alkalis also decompose it, with production of a 
formiate of the bosdi aod a new yolatile liquid, Chhrofirm. Chloral contains 
C^HClaPa. 

When chloral is preserved for any length of time, even in a vessel herme* 
tically sealed, ic undergoes a very extraordinary change; it becomes converted 
into a solid, white, translucent substance, iimluMi (Moral, possessing exactly 
the same composition as the liquid itself. The new product is but very 
slightly soluble in water, alcohol, or e&er ; when exposed to heat, alone, or 
in contact with oil of vitriol, it is reconverted into ordinary chloral. Solution 
of caustic potash resolves it into formic acid and chloroform.* Bromine acts 
upon alcohol in the same manner as chlorine, and gives rise to a product 
very similar in properties to the foregoing, called hromal, which contains C4 
H BrjOj. It forms a crystallizable hydrate with water, and is decomposed by 
strong alkaline solutions into formio acid and Immtoform. A corresponding 
iodine compound probably exists. 

Chlorine acts in a different manner upon alcohol which contains water ; 
when very dilute, the principal products are hydrochloric acid and ald^ydt, 
the change being one of oxidation at the expense of the water. With strong 
spirit the reaction is more complex, one of its products being a volatile^ oily, 
colorless liquid, of uncertain composition, long known under the name of 
heoary muriatic ether. 

The mode of action of dry chlorine on pure ether, conibrms strictly to the 
law of substitution before-mentioned ; the carbon remains intact, while a por- 
tion, or the whole of the hydrogen is removed, and its place supplied by an 
equivalent quantity of chlcnrine. Ether exposed to a current of the dry gas 
for a considerable period, the tranperature being at first artificially reduced, 
yields a heavy oily product, having the odor of fennel. This is found by 
analysis to contain C^HgCl^O, or ether, in which 2 eq. of chlorine have been 
substituted for 2 eq. of hydrogen. By the further action of chlorine, aided by 
sunlight, the remaining hydrogen is removed, and a white crystalline solid 
substance closely resembling perchloride of carbon, produced. This is oom- 

• See Liebig, Ann. Chim. et Phys., xlix. p. 146; also, Dumas,' Id., Ivi. p. 113; also, 
Regnaolt, Id. Ixxi. 



DBRnrATIVEB 07 AUIQBOT. COMT^dmNO SULPHUR. 825 

posed of CXUfi. In a subsMnce caUed dUontherdl, C^^ClO, aooidentally 
fonned by M. d'Aioet, in the preparation of Dutch-liquid, ftoxa the ether- 
"vapor, mixed with the olefiant gas, we have evidently the first member of 
this serieSb 

With the compound etliers, the same remarkable law is usually followed ; 
the hydrogen of the base is acted upon, and the organic acid, if such be pre- 
sent, escapes alteration. The change is, however, often complicated by the ' 
appearance of secondary products. Thus, chloruretted ooeHc eUiety a dense 
oily liquid, very different from common acetic ether, was found to contain, 
CgHgCljO^, or, C^H8CljO+C4H303 (acetic acidO and chiorureUed formic 
cfAer, Cfifilfi^, is clearly equivalent to CfH^ClgO-f-CgHO, (formic acid.) A 
most remarloible and interesting set of compounds, due to substitution of this 
kind, are formed by the action of chlorine on chloride of ethyle, or light hydro- 
chloric ether. When the vapor of this substance is brought into contact with 
chlorine gas, the two bodies combine to a colorless oily liquid, very like 
Dutchfliquid, but yet differing from it in several important points; it has, 
however, precisely the same corapositionf and its vapor has the same density. 
By the prolonged action of chlorine, three other compounds are successively 
obtained, each poorer in hydrogen and richer in chlorine than the preceding, 
the ultimate product being the well-Jcnown chloride of carbon of Mr. Fara- 
day.* 

Hydrochloric ether . . . , C^HjCl 

Monochloruretted hydrochloric ether . C^H^CI, 

Bichloruretted C^HjCl, 

Trkshlomretted C^HXl^ 

Quadrichloruretted . . - . C^HCl^ 

Ferchloride of carbon . . . . C^ Cl^ 

SKBIV^iTIVKS OF ALCOHOL CONTAIlTIirO SlTLPHUB. 

MsacAPTAir.-— A solution of caustic potash, of 1*28 or VZ. sp. gr., is saturated 
with sulphuretted hydrogen, and mixed in a retort with an equal volume of 
solution of sulphovinate of lime of the same density. The retort is connected 
with a good condenser, and h^t is applied by means of a bath of salt and 
water. Mercaptan and water distil over together, and are easily separated 
by a funneL The product thus obtained is a colorless, limpid liquid, of sp. 
gr. '842, but slightly soluble in water, easily miscible, on the contrary, with 
alcohol. It boils at 97°. ■ Tlie vapor of mercaptan has a most intolerable 
odor of onions, which adheres to the clothes and person with great obstinancy ; 
it is very inflammable, and burns with a blue flame. Mercaptan contains 
C^H^Sg : or alcohol, having sulphur in the place of oxygen. 

The peculiar relations of mercaptan to metallic oxides seem to indicate its 
title to be considered the hydruret of a radical containing C^H^Sj. When 
brought into contact with red oxide of mercury, even in the cold, violent re- 
action ensues,t water is formed, and a white substance is produced, soluble in 
alcohol, and separating from that liquid in distinct, ciystals, which contain 
Hg-f-CfHjS,. This compound is decomposed by sulphuretted hydrogen, 
sulphuret of mercury being thrown down, and mercaptan reproduced. By 
adding solutions of the oxides of lead, copper, silver, and gold, to an alcoholic 
solution of mercaptan, corresponding compounds containing those metals are 
ibrmed. Caustic potash produces no effect upon mercaptan, but potassium 
displaces hydrogen, and gives rise to a crystallizable compound soluble in 
water. 

• Malagati, Ann. Ohim. et Phys., Ixx. p. 337 ; also, Regiiatdt, Id. Izxi. p. 353. 
t Whence the name, nureurivm eaptaru. 
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Xakthic Acn>.-*The elements of ether ated th£we of bisulphuret of caibon 
oombine in presence of an alkali to form a very extraordinary substance, pos- 
sessing the properties of an oxygen-acid, to which the name xantMc is applied, 
on account of the yellow color of one of its most permanent and characteristic 
sqUs, — ^that of oxide of copper. Hydrate of potash is dissolved in 12 parts of 
.jdoohol of *800 sp. gr.; into this solution bisulphuret of carbon is dropped until 
it ceases to "be dissolved, or until the liquid loses its alkalinity. The whole 
is then cooled to 0°, when the potash-salt separates in the foi;m of brilliant, 
slender, colorless prisms, which must be quickly pressed between folds of 
bibulous paper, and dr^ed in vacuo. It is freely soluble in water and alcohol, 
but insoluble in ether, and is gradually destroyed by exposure to air by oxida- 
tion of a part of the sulphur. Hydrated xanthic acid may be prepared bf 
decomposing the foregoing compound by dilute sulphuric or hydrochloric acid. 
It is a coforless, oily liquid, heavier than watery of powerful and peculiar 
odor, and very combustible; it reddens litmus-paper, and ultimately bleaches 
it. Exposed to gentle heat, it is decomposed into alcohol and bisulphuret of 
carbon ; this happens at a temperature of 75° F. Exposed to the air, or kept 
beneath the surfoce of water open to the atmosphere, it becomes covered with 
a whitish crust, and is gradually destroyed. The xanthates of the alkalis and 
of baryta are colorless and crystallizalde; the lime-salt dries lip to a gummy 
mass; the xanthates of the oxides of zinc, lead, and mercury, are white and 
but feebly soluble, that of copper is a flocculent, insoluble substance, of beauti- 
ful yellow color. 

Hydrated xanthic acid contains C^H^S^O+UO; or Cfififi^^+HO. 

JPRODrGTS OF THK OXIDATIOIT OF ALCOHOL. 

When alcohol and ether bum with flame in free air, the products of their 
combustion are, as with all bodies of like jchemical nature, carbonic acid and 
water. Under peculiar circumstances, however, these substances undergo 
partial oxidation, in which the hydrogen alone is aflTected, the carbon remain- 
ing untouched. The result is the production of certain compounds, which 
form a small series, supposed to contain a common radical, to which the name 
acetyk is applied. It is derived from ethyle by the oxidation and removal of 
2 eq. of hydrogen. 

TaJtk ofAcetyU Compotmdt, 

Acetyl e (symbol Ac) 
Oxide of^ acetyle (unknown) . 
Hydrate of oxide of acetyle ; aldehyde 
Acetylous acid; aldehydic acid 
Acetylic acid ; acetic acid 



cX .0 

C.H, ,04-HO 
C H, ,0,+HO 
C«H, ,OH-HO 



Acetyle and its protoxide are alike hypothetical. 

Aldshtdb. C4H4O2; or Ac04*H0. — ^This substance is formed, as already 
noticed, among odier products, when the vapor of ether or alcohol is trans- 
mitted through a red-hot tube; also, by the action Of chlorine on weak alcohol. 
It is best prepared by the following process : — 6 parts of oil of vitriol are 
mixed with 4 parts of rectified spirit of wine, and 4 parts of water ; this mix- 
ture is poured upon 6 parts of powdered oxide, of manganese, contained in a 
capacious retort, in connection with a condenser, cooled by ice-cold water. 
Gentle heat is applied ; and when about 6 parts of liquid have passed over, 
the process is interrupted.^The distilled product is put into a small retort, 
with its own weight of chloride of calcium, and re-distilled; this operation is 
repeate4. The aldehyde, still retaining alcohol and other impurities, is mixed 
with twice its volume of ether,, and saturated with dry ammoniaoal gas ; a 
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crystalline compound of aldehyde and ammonia sepazates, which may be 
washed with a little ether, and dried in the air. From this substance the 
aldehyde may be sepa r ated by distillation in a water-bath, with sulphuric 
aeid, diluted with an equal quantity of water; by careiiil rectification from 
diloride of calcium, at a temperature not exceeding 87^, it is obtained pure 
and anhydrous.' 

Aldehydef is a limpid, colorless liquid, of chfuracteristio ethereal odor, 
which, when strong, is exceedingly suffocating. It has a density of '790, 
boils at 72® F., and mixes, in all proportions^ wi^ water, alcohol, and ether ; 
it is neutral to te8^paper, but acquires acidity on exposure to air, from the pro- 
duction of acetic acid;— -under tbe infiiience of platinum-black, this change is 
very speedy. When a solution of this compound is heated with caustic potash, 
a renuurkable brown, resin-like substance is produced, the so-called oldleAyde- 
ram. Gently heated with oxide of silver, it reduces the latter without 
evolution of gas, the metal being deposited on the inner surface of the vessel 
as a brilliant and uniform film ; the liquid contains aldehydate of silver. 

The ammonia-compound above-mentioned forms transparent, colorless 
crystals, of great beauty; it has a mixed odor of ammonia and turpentine; it 
dissolves very easily in water, with less ^dlity in alcohol, and with difficulty 
in ether; it melts at about 170°, and distils unchanged at 212®. Acids de- 
compose it, with production of an ammoniacal salt, and separation of aldehyde. 
The crystals, which are apt to become yellow, and lose their lustre in the air, 
contain C4H404-NHy 

When pure aldehyde is long preserved in a closely-stopped vessel, it is 
sometimes found to undergo spontaneous change into one, and even two 
isomeric modifications, differing completely in properties from the original 
compound. In a specimen kept some weeks at 32®, transpaxent adcular 
crystals were observed to form in considerable quantity, which, at a tempera- 
ture little exceeding that of the freezing point of water, melted to a colorless 
liquid, miscable with water, alcohol, and ether; a few crystals remained, which 
sublimed without fusion, fuad were probably composed of the second sub- 
stance. This new body received the name daldefiyde; it was found to be 
identical in composition with aldehyde^ but to differ in properties, and in the 
density of its vapor; the latter has a sp. gr. of 4*515, while that of aldehyde 
is only 1*532, or one-third of that number. It refiises to combine with am- 
monia, is nofc rendered brown by potash, and is but little affected by solution 
of silver. 

The sec(»id modification, or metaMekyde^ is sometimes produced in pure 
aldehyde, kept at the conmion temperature of the air, even in hermetically- 
sealed tubes; the conditknis of its formation are unknown. It forms colorless, 
transparent, prismatic crystals, which sublime without fusion at a temperature 
above 212®, and are soluble in alcohol and ether, but not in water. They 
also were found, by analysis, to have the same composition as aldehyde^ 

Albxhtdic acid. C^HgO^-f-HO.— -When solution of aldebydate of 
silver, obtained by digesting oxide oi silver in excess with aldehyde, is preci- 
pitated by sulphuretted hydrogen, an acid liquid is obtained, whidi neutralizes 
alkalis, and combines with the oxides of the metals. It is very easily decom- 
posed. Aldehydate of silver, mixed with baryta water, gives rise to aldehydate 
of baryta and oxide of silver; if this precipitate be heated in the liquid, the 
metal is reduced, and neutral acetate of baj^ta formed ; whence it is inferred 
that the new acid oontwins the elements of acetic acid, rniniM an equivalent of 
oxygen.§ 

• Liebig, Ann. Ghim. et Pbys., lix. p. 389. 

t Aleoh^ dtkydrogenatus, 

t Fehling, Annalen der Pharmaeis, zxvii. p. 310. 

f Liebig, in Geiger's Phsrmaeie, p. 739. 
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AosTAX/— This sabetanoe is one of the products of the slow oxidation of 
aloohol-vapoT under the influenoe of platinum-black. Spirit of wine is poured 
into a large, tall glass jar, to the depth of about an inch, and a shallow 
capsule, containing slightly-moistened platkium-black, arranged abov« the 
sur&ce of the liquid ; the jar is loosely covered by a gla^ plate, and left^ 
during two or three weeks, in a warm ratuation. At the expiration of diat 
period the liquid will be found highly acid; it is to be neutralized with chalk, 
and distilled. The volatile product is then treated with chloride of oaknum 
as long as that salt is diBGolved ; an oily liquid separates, which is a mixture 
of aldehyde, acetic ether, and aoetal. This is transferred to a small letort, 
fitted with a thermometer, and subjected to distillation. When the tempera- 
ture rises to 200°, the receiver may be changed, and the pure acetal, wbich 
then comes over, collected apart 

Acetal is a thin, colorless liquid, of pungent ethereal odor, soluble in 6 or 
7 parts of wat^, and miscible in eiU proportions with alcohol. Its density ii 
'823, and it boils at 203°. Mixed with an alcoholic solution of caustic xx»tash^ 
it is not at first afiiscted, but eventually abscnrbs oxgen from the air, and gives 
rise to resin of aldehyde. Its composition is expreeteed by the formula 
CgH^Oj or perhaps C^H^O-f-C^H^Og, a combination of ether nnd aldehyde.* 

When a coil of fine platinum wire is heated to redness, and plunged into 
a mixture of ether, or alcohol-vapor and atmospheric air, it determines upon 

its surfibce the partial combustion of the former, and gives 
Fig, 160. rise to an excessively pungent acrid vapor, which may be 

condensed to a colorless liquid by suitable means. The 
heat evolved in the act of oxidation is sufficient to main- 
tain the wire in an incandescent state. .The experiment 
may be made by putting a little ether into an ale-glassy 
and suspending over it the heated spiral from a card; or 
by slipping the coil over the wick of a spirit-lamp, so that 
the greater part may be raised above the«otlon ; the lamp 
is supplied with ether or spirit of wine, lighted lor a 
moment, and then blown out The coil continues to glow 
in the mixed atmosphere of air and combustible vapor, 
until the ether is exhausted. This is the famp wUhimt 
Jlcme of Sir H. Davy. A ball of spongy platinum may be 
substituted for the coil of wire. The condensed liquid 
contains acetic and formic acids and aldehyde, or aldehydic acid. 

Acetic ACiD.r-~Pure alcohol, exposed to the air, or thrown into a vessel of 
oxygen gas, foils to sufier the slightest change by oxidation; when diluted 
with water, it remains also unafiected. If, on the other hand, spirit of wine 
be dropped upon dry platinum-black, the oxygen condensed into the pores of 
the latter, reacts so powerfully upon the alcohol as to cause its instant inflam- 
mation. When the spirit is mixed with a littie i^ater, and slowly dropped 
upon the finely-divided metal, oxidation still takes place, but with less energy, 
and vapor of acetic acid is abundantly evolved. It is almost unnecessary to 
add, that the platinum itself undergoes no change in this experiment 

Diluted alcohol, mixed with a littie yeast, or almost any assotized organic 
matter, susceptible of putrefaction, and exposed to the air, speedily becomes 
oxidized to acetic .acid. Acetic acid is thus manufactured in Germany, by 
sufiering such a mixture to flow over wood-shavings, steeped in a little vine- 
gar, contained in a large cylindrical vessel, through which a current of air is 
made to pass. The greatly extended surface of the liquid expedites the chaqge, 
which is completed in a few hours. No carbonic acid is produced in this 
reaction. 

* Liebig, in Geiger's Pkarmacie ; also Ann* Chim. et Phys., lix. p. 31S. 
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The best vinegcuf is made from wine by spontaneous acidification in a par- 
tially'filled cask to which the air has access. Vinegar is first introduced into 
the empty v^sel, and a quantity of wine added ; after some days a second 
portion of wine is poured in, and ailer similar intervals a third and a iburth. 
When the: whole has become vinegar, a quantity is drawn ofi* equal to that of 
theivine employed, and the process is recommenced. The temperature of the 
building is kept up to S6^. Such is the plan adopted at Orleans.* In Eng- 
land vinegar of an inferior description is prepared from a kind of beer made 
for the purpose. The liquor is exposed to the air in hal^mpty casks loosely 
stopped, until addifioation is ccnnplete. A little sulphuric acid is afierwaids 
added, with a view of checking further decomposition, or tnotkervng, by which 
the product would be spoiled. 

There is another source of acetic add besides the oxidation of alcohol : when 
dry, hard wood, as oak and beech, is subjected to destructive distillation at a 
red heat, acetic acid is found among the liquid condensible products of the 
operation, llie distiUation is conducted in an iron cylinder of large dimen- 
sions, to which a worm or condenser is attached ; a sour watery liquid, a 
quantity of tar, and much inflammable gas pass over, while charcoal of exr 
oellent quality remains in the retort The acid liquid is subjected to distilla- 
tion, the first portion being collected apart for the sake of a peculiar volatile 
body, shortly to be describecL which it contains. The remainder is saturated 
with lime, concentrated by evaporation, and mixed with solution of sulphate 
of soda; sulphate of lime precipitates, while the acetic add is transferred to 
the soda. The filtered solution is evaporated to its crystailizixig-point; the 
crystals are drained as much as possible from the dark, tarry mother liquor, 
snd deprived by heat of their combined water. The dry salt is then cau- 
tiously fused, by which the last portions of tar are decomposed or expelled; it 
is then redissolved in water, and recrystallized. Pure acetate of soda, thus 
obtained, readily 3rields hydrated acetic add by distillation with sulphuric acid. 

The strongest aeetic add is prepared by distilling finely-powdered anhy- 
drous acetate of soda with three times its weight of concentrated oil of vitrioL 
The liquid is purified from sulphate of soda acddentally thrown up, by recti- 
fication, and then exposed to a low temperature. Crystals of hydrate of acetiG 
acid form in large quantity, which may be drained from the weaker fiuid 
portion, and then sufiered to melt Below 60® this substance forms large, 
ocdorless, transparent crystals, which above that temperature fiise to a thin, 
colorless liquid, of exceedingly pungent and well-known odor; it raises blisters 
on the skin. It is miscible in all proportions with water, alcohol, and ether, 
and dissolves camphor and several resins. When diluted it has a pleasant 
add taste. The hydrate of acetic acid in the liquid condition has a density of 
1*063, and boils at 248°; its vapor is inflammable. Acetic acid forms a great 
number of exceedingly important salts, all of which are soluble in water ; the 
•acetates of silver and mercury are the least soluble. 

The hydrate of acetic acid contains— C^H3037+-HO; it is formed froxp 
aloc^ol by the substitution of 2 eq. of oxyigen for 2 eq. of hydrogen. The 
water is baste, and can be replaced by metallic oxides; cmhydroiis acetic acid, 
like very many other bodies of the same class, is unknown in a separate state. 

Dilute acetic add, or distilled vinegar, used in pharmacy, should always be 
carefiilly examined for copper and lead ; these impurities are contracted from 
the metallic vessel or condenser sometimes employed in the process. The 
strength of any sample of acetic acid cannot be safely inferred from its density, 
but is easily determined by observing the quantity of dry carbonate of soda 
necessary to saturate a known weight of the liquid. 

*. Dmnas, Oiimie appliqnte -anx AitSy'vi. p. 537. 
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AcBTATS or MTASH. KOfiflfiy^This salt crystallizes with, great diffi- 
culty; it is generally met witb as a foliated, white, crystalline mass, obtained 
by neutndizing carbonate of potash by acetic acid, evaporating to dryness, and 
heating the salt to fusion. The acetate is extremely deliquescent, and solu- 
ble in water and alcohol ; the solution is usually alkaline, from a little loss of 
acid by the heat to which it has been subjected. From the alcoholic solution, 
carbonate of potash is thrown down by a stream of carbonic acid. 

AcBTATK OF soi>A. NaOjC^HjOj-l-dHO. — ^The mode of preparation of this 
salt on the large scale has been alr^y described; it forms large, transparent, 
colorless crystals, derived from a rhombic prism, which are easily rendered 
anhydrous by heat, effloresce in dry air, and dissolve in 3 parts of cold, and in 
an equal weight of hot water, — ^it is also soluble in alcohoL The taste of this 
substance is cooling and saline. The dry salt undergoes the igneous fusion at 
550^, and begins to decompose at 600^. 

AcETATX OF ammonia; spirit of xilrDKmxBus. NH^OjC^HjO,.— The 
neutral solution obtained by saturating strong acetic acid by carbonate of am- 
monm, cannot be evaporated without becoming acid firom loss of base ; the 
salt passes off in large quantity with the vapor of water. Solid acetate of 
ammonia is best prepared by distilling a mixture of equal parts acetate of 
lime and powdered sal ammoniac; chloride of calcium remains in the retort 
A saturated solution of the solid salt in hot water, suffered slowly to copl in a 
close vessel, deposits long slender crystals, which deliquesce in ^e air. Ace- 
tate of ammonia has a sharp and cooling, yet sweet, taste; its solution becomes 
alkaline on keeping from decomposition of the acid.^ 

The acetates of time, barytti, and girontia are very soluble, and can be pro- 
cured in crystals ; acetate of magnetia crystallizes with difficulty. 

AcKTATX OF ALUMINA. Al^Og , dC^HyO,.*— This salt is very soluble in 
water, and dries up in the vacuum of the air-pump to a gummy mass without 
■trace of crystallization. If foreign salts be present, the solution of the acetate 
becomes turbid on heating fix>m the separation of a basic compound, w^hich re- 
dissolves as the liquid cools. Acetate of alumina is much employed in caiico- 
printing ; it is prepared by mixing solutions of acetate of lead and alum, and 
filtering from the insoluble sulphate of lead. The liquid is thickened with 
gum or other suitable material, and with it the design is impressed upon the 
cloth by a wood<-block, or by other means. Exposure to a moderate degree 
of heat drives off the acetic acid, and leaves the alumina in a state capaUe of 
entering into combination with the dye-stuff. 

Jicetaie of nuMgtmete forms colorless, rhombic prismatic crystals, permanent 
in the air. Acetate of protoxide of iron crystallizes in small greenish-white 
needles, very prone to oxidation; both salts dissolve freely in water. Acetate 
ofperoaade of iron is a dark brownish-red, uncr3r8tallizable liquid of powerful 
astringent taste. Acetate 6f cobalt forms a violet-colored crystalline, delique- 
scent mass. The nidcd-taU separates in green crystals which dissolve in 6 
parts of water. 

AcxTATS OF LEAD. PbO , CJ^fi^ZROi — ^This important salt is preperod 
on a large scale by dissolving litharge in acetic acid; it may be obtained in 
colorless, transparent, prismatic crystals, but is generally met with inconunerce 
as a confusedly-crystalline mass, somewhat resembling loaf-sugar. From this 
circumstance, and from its sweet taste, it is often called eiAgar of lead. The 
crystals are soluble in about 1^ part of cold water, effloresce in diy air, and 
melt when gently heated in their water of crystallization ; the latter is easily 
driven of^ and the anhydrous salt obtained, which suffers the igneous fiision, 
and afterwards decomposes, at a higher temperature. Acetate of lead is solu- 
ble in alcohol. The watery solution has an intensely sweet, and at the same 
time astringent, taste, and is not precipitated by ammonia. It is an artioie of 
gr«tf»i '»«]•«« *A «Ka /Uiaauft. 
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SvBACVTATSfl or leabj — SnqmrhoMic aedcUe is produced when the neutral 
anhydrous salt is so far decomposed by heat as to become cooTerted into a 
porous white mass, decomposable only at a much higher temperature. It is 
soluble in water, and separates irom ihe solution evaporated to a siropy con- 
sistence in the form of crystalline scales. It contains 3PbO , 2Cfifiy. A 
8ub«cetate with 3 eq. of base is obtained by digesting at a moderate heat 7 
parts of finely-powdered litharge, 6 parts of acetate of lead, and 30 parts of 
water. Or, by mixing a cold saturated solution of neutral acetate with a fiilh 
of its Tolume of caustic ammonia, and leaving the whole some time in a 
covered vessel; the salt separates in minute needles, which contain 3PbO , 
C^HgOj^-HO. The solution of sub-acetate prepared by the first method^ is 
known in pharmacy under the name of Gmtlard water, A third sub-acetate 
exists, formed by adding a great excess of ammonia to a solutiovi of acetate of 
lead, or by digesting acetate of lead with a large quantity of oxide. It is a 
iNrhite, slightly crystalline substance, insohible in cold, and but little soluble 
in boiling water. It contains 6PbO , C^Ufig. The solutions of the sub- 
acetates of lead have a strong alkaline reaction, and absorb carbonic acid with 
the greatest avidity, becoming turlod from the precipitation of basic carbonate. 

AcsTATx or COPPER. The neutral acetate, CuO, C^HjOg-^-HOjis prepared 
by dissolving verdigrit in hot acetic add, and leaving the filtered solution to 
cool. It forms b^utifiil dark-green crystals, which dissolve in 14 parts of 
cold and 5 xMurts of boiling water, and are also soluble in liloohol. A solutioD 
of this salt; mixed with sugar and heated, yields sub-oiide of copper in the 
form of minute red octahedral crystals ; the residual copper solution is not pre- 
cipitated by an alkali. Acetate of copper furnishes, by destructive distillation, 
strong acetic acid, containing acetone, and contaminated with copper. The 
salt is sometimes called dittiUed verdigris, and is used as a pigment 

SvB-ACSTATS or GOPPSB. — Common verdigris, made by spreading the mare 
of grapes upon plajtes of copper exposed to the air during several weeks, or 
by substituting, with the same view, pieces of cloth dipped in crude acetic 
acid, is a mixture of several basic acetates of copper which have a green or 
blue color. One of these, 3CuO,2C4H,034~^HO} i^ obtained by digesting the 
powdered verdigris in warm water, and leaving the soluble part to spontane- 
ous evaporation. It forms a blue, crystalline mass, but little soluble in cold 
water. When boiled, it deposits a brown powder, which is a sub-salt with 
large excess of base. The ^reen insoluble residue of the verdigris contains 
3CuO,C^H3034-3Ho; it may be formed by digesting neutral acetate of copper 
vrith the hydrated oxide. By ebullition with water it is resolved into neutral 
. acetate and the brown sub-salt. 

AcxTATX or siLVXB.-*AgO,C4H303, is obtained by mixing acetate of potash 
with nitrate of silver, and washing the precipitate with cold water to remove 
the nitrate of potash. It crystallizes from a warm solution in small ocdorless 
needles, which have but little solubility- in the cold. 

Acetate of tub-oxide of mercury forms small scaly crystals, which are as feebly 
soluUe as those of acetate of silver. The salt of the red oxide of mercury dis- 
solves with facility. 

Cblobacxtic acid. — ^When a small quantity of crystallizable acetic acid is 
introduced into a bottle of dry chlorine gas, and the whole exposed to the 
direct sOlar ray for several hours, the interior of the vessel is found coated 
with a white crystalline substance, which is a mixture of the new product, 
the chloraoetic acid, with a small quantity of oxalic acid. The liquid at the 
bottom contains the same substances, together with the unaltered acetic acid. 
Hydrochloric and carbonic acid gases are at the same time produced, together 
with a sufibcating vapor, resembling chloro-carbonic acid. The crystalline 
matter is dissolved out with a small quantity of water, added to the liquid 



WSt ACKTONE. 

contained in the bottle, and the whole placed in the vacaom of the fdr-pnmp, 
besides capsules containing fragments of caustic potash, and conoentrateid sal- 
phuric acid. The oxalic acid is first deposited, and afterwards the nemr sub- 
stance in beautiful rhombic crystals. If the liquid refuses to crystallize, it 
may be distilled with a little anhydrous phosphoric acid, and then evaporated. 
The Crystals are spread to drain upon bibulous paper, and dried in ^acuo. 

Chloraoetic acid is a colorless and extremely deliquescent substance ; it has 
a faint odor, and a sharp, caustic taste, bleaching the tongue, and destroying 
the skin; the solution ia powerfully acid. At lld^ it melts to a cltor liquid, 
and at 390° boils and distils unchanged. The densi^ of the fused acid is 
1*617; that of the vapor, which is very irritating, is probably 5*6. The sub> 
stance contains, according to the analysis of M. Dumas,. C^Q O^Clgj-sC^CljO, 
+HO, or the elements of hydrated acetic acid from which 2 eq. of hydrogen 
have been withdrawn, and 3 eq. of chlorine substituted. 

Chloracetic acid forms a variety of salts, i^hioh have been examined and 
described ; it combines also with ether, and with the ether of wood-spirit 
These compounds correspond to the ethers of the other organic acids. Chhr- 
acetate of potash crystallizes in fibrous, silky needles, which are permanent in 
the air, and contain KOS^jC\fi^'-{-'liO. The ammoiuaail salt is also cxystal- 
lizable and neutral ; it contains NH^OjC^CIgOg-f-^HO. Chloracetate of tihfer 
is a soluble compound, crystallizing in small grayish scales, which are easily 
altered by li^t; it gives, on analysis, AgOjC^Cl^Og, and is consequently anhy- 
drous. 

When chloracetic acid is boiled with an excess of ammonia, it is decom- 
posed, with the production of chldrofonn and carbonate of aiimionia. 

C^H CljO^^CjH CI3 and Cfi^. 

With caustic potash, it jrields a smaller quantity of chloro/brm, chloride of 
potassium, carbonate and formiate of potash. The chloride and the ibrmiate 
are secondary products of the reaction of the alkali upon the chloroform.* 

AcxTOKs ; FTBOACBTic 8FiBiT.*-^When metallic acetates in an anhydions 
state are subjected to destructive distillation, they yield, among other products, 
a peculiar inflammable, volatile liquid, designated by the above names. It is 
most easily prepared by distilling carefully dried acetate of lead in a large 
earthen or coated glass retort, by a heat gradually raised to redness ; the retort 
must be connected with a condenser well supplied with cold water. Much 
gas is evplved, chiefly carbonic acid, and the volatile product, but slightly 
contaminated with tar, collects iu the receiver. The retort is found after the 
operation to contain minutely-divided metallic lead, which is sometimes pyro- 
phoric. The crude acetone is saturated with carbonate of potash, and aAer- 
wards rectified in a water-bath from chloride of. calcium. This compound 
may also be prepared by passing the vapor of strong acetic acid through an 
iron tube heated to dull redness; the acid is resolved into acetone, carbonic 
acid, carbonic oxide, and carburetted hydrogen. 

Pure acetone is a colorless limpid liquid, of peculiar odor ; it has a density 
of -792, and boils at 132° ; the density of its vapor, 2-022. Acetone is very 
inflammable, and bums with a bright flame ; it is miscible in all proportions 
with water, alcohol and ether. This substance contains C3H3O, and is pro- 
duced by the resolution of acetic acid into acetone and carbonic acid. 

When aoetoiie is v distilled with half its volume of Nordhausen sulphuric 
acid, an oily liquid is obtained, which in a state of purity has a feeble garlic 
odor. It is lighter than water, and very inflammable. It contains C^K^ and 
is produced by the abstraction of the elements of water from acetone. If 

* M. Domas, Ann. Ghim. et Pbys., Ixxiii. p. 73. 
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pexcbloride of phospbonisr be dropped into carefblljr-oooledi acetone, and the 
D^hole mixed with water, a heavy oily liquid separates, which contains 
CgHjCi. When this is dissolved in alcohol and mixed with caustic potash, 
a second oily product results. 

This is lighter than water, has an aromatic odor, and contains CgHgO. 

Dr. Kane has described a numbei^ of other compounds formed by the action 
of acids, Bnd other chemical agents, on acetone, irom which the existence of 
an organic salt-basyle, containing Ce^si ^^^ been inferred, and to which the 
name of numtyle has been given. Zeise,^on the other hand, has shown Uiat by 
the action of chloride of platinum upon acetone, a yellow cr3rsta]lizable com- 
pound can be obtained, having a composition expressed by the formula CAlfi 
+PtCl,.* 

Acetic acid is not the only source of acetone ; it may be procured fiom sugar, 
starch, and gum. by distillation with 8 times their weight of powdered quick- 
lime. The acetone is accompanied by an oily, volatile liquid, separable by 
water, in which it is insoluble. M. Fr^my calls this substance metiuetont; it 
contains C^H^O, and is consequently isomeric with Dr. Kane's oxide of mesi- 
tyle.t • 

When acetate of soda is heated with a great excess of caustic alkali it is con- 
verted, as already remarked^! into carbonic acid and light carburetted hydrogen, 
by the reaction of the oxygen of the water of the hydrate upon the carbon of 
the acid. 

C^HjO, and HO = Cfi^ and CjH^. 

KAKODTLE ASH ITS C0Ta6VKDS. 

Thq substance long known under the name of fuming liquor of Cadets pre- 
pared by distilling a mixture of dry acetate of potash and arsenious acid, has 
been shown by M. Bunsen to be oxide of an uoluble organic basyle, capable of 
forming a vast number of combinations, displacing other bodies, and being in 
turn displaced by them, in the same manner as a metal. The investigation of 
this difficult subject reflects the highest honor on the patience and skill of the 
discoverer. Kakodyle, so named from its poisonous and offensive nature, con- 
tains three elements, viz : carbon, hydrogen, and arsenic. 

Tfibk of the moit importcmt KakodyU compounds. 



Kakodyle (symbol Kd) 
Oxide of kakodyle 
Chloride of kakodyle . 
Chloride of kakodyle and copper 
Oxy-chloride of kakodyle 
Perchloride of kakodyle 
Bromide of kakodyle 
Iodide of kakodyle 
C}ranide of kakodyle 
Kakodylic acid . 
Kakodylate of silver 
Kakodylate of kakodyle 
Sulphuret of kakodyle 
Sulphuret of kakodyle and copper 



Persulphuret of kakodyle 

Sulphur^salts containing persul- > KdS,KdS^ 

phuret of kakodyle . . J CuS,KdS5— PbS,KdS3." 
Seleniuret of kakodyle . . . KdSe. 



C.H-As. 

KdO. 

KdCl. 

KdCl+CujCl. 

SKdCl+KdO. 

KdClj. 

KdBr. 

Kdl. 

KdCy. 

KdOg. 
AgO,KdOy 

KdO,KdOy 

KdS. 

KdS+3CuS. 
KdSj. 
^Au«S,KdSy 



• Ann. Chim. et Phyt., Ixxii. p. 113. f Ann. Chim. et Phys., lix. p. & t See p. IZk 
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Oxm OF kakcoitlb; cabxt'b fumi2i« u^vid; alkabsi?^. KdO^ — ^Eqaal 
weights of acetate of potash and arsenious add are intimately mixed, and in- 
troduced into a glass retort connected with a condenser and tubulated receiver, 
cooled by ice: a tube is attached to the receiver to carry away the permanent* 
ly-gaseous products to some distance from the experimenter. Heat is then 
applied to the retort, which is gradually increased to redness. At the close of 
the operation the receiver is foiuid to contain two liquids, besides a quantity 
of reduced arsenic; the heavier of these is the oxide of kakodyle in a colored 
and impure condition ; the other diiefly consists of water, acetic acid, and ace- 
tone. The gas given oif during distillation is principally carbq&ic acid. The 
erode oxide of kakodyle is repeatedly washed by agitation with water, pre- 
viously freed from air by boiling, and afterwards redistilled from hydrate of 
potash in a vessel filled with pure hydrogen gas. All these operations must 
be conducted in the open air, and the strictest pre9autious adopted to avoid 
the accidental inhalation of the smallest quantity of the vapor or its prod acts. 

Oxide of kakodyle is a colorless, ethereal liquid of great refractive power; 
it is much heavier than water, having a density of 1*462. It is very slightly 
soluble in water, but easily dissolved by alcohol ; its boiling-point approaches 
300°, and it solidifies to a white crystalline mass at 9°. The odor of this 
substance is extremely offensive, resembling that of arseniuretted hydrogen; 
the minutest quantity attacks the eyes and the mucous membrane of the nose; 
a larger dose is highly dangerous. When exposed to the air, oxide of kako- 
dyle. emits a dense, white smoke, becomes heated, and eventually takes fire, 
burning with a pale flame, and producing carbonic acid, water, and a copious 
cloud, of arsenious acid. It explodes when brought into contact with strong 
nitric acid, and inflames spontaneously when thrown into chlorine ga& The 
density of the vapor of this body is about 7*5. Oxide of kakodyle is 'gene- 
rated by the reaction of arsenious acid on the elements of acetone, carbonic 
acid being at the same time fbnned; the accompanying products are acci- 
dental : — 

2 eq. acetone, C^HgO, and 1 eq. arsenious acid, AsO, = 1 eq. oxide kako- 
dyle, C^HgAsO, and 2 eq. carbonic acid, C.O^. 

Chloride of kakodtls. KdCl. — ^A dilute alcoholic solution of oxide of 
kakodyle is cautiously mixed with an equally dilute solution of corrosive sub- 
limate, avoiding an excess of the latter; a white, crystalline, inodorous precipi- 
tate fiills, containing KdO-f-2HgCl; when this is distilled with concentrated 
liquid hydrochloric acid, it 3rields corrosive sublimate, water, and ddoride of 
kakodylif which distils ovefr. The product is left some time in contact with 
chloride of calcium and a little quicklime, and then distilled alone in an 
atmosphere of carbonic acid. The pure chloride is a colorless liquid, which 
does not fume in the air, l>ut etnits a vapor even more fearful in its efi*ects, 
and more insupportable iu odor than that of the oxide. It is heavier than 
water, and insoluble in that liquid, as also in ether; alcohol, on the other hand, 
dissolves it with facility. The boiling-point of this compound is a little above 
212°; its vapor is colorless, spontaneously inflammable in the air, and has a 
density of 4*56. Dilute nitric acid dissolves the chloride without change; 
with the concentrated acid, ignition and explosion occur. Chloride of kako- 
dyle combines with sub-chloride of copper to form a white, insoluble, crystal- 
line double salt, containing KdCl-f-Cu^Cl, and also with oxide of kakodyle. 

Kakodtlb, iir A Fmss 6tate, may be obtained by the action of metallic 
7inc, iron, or tin upon the above described compound. Pure and anhjrdrous 
chloride of kakodyle is digested for three hours, at a temperature of 212°, 
with slips of clean metallic zinc contained in a bulb blown upon a glass tube, 
previously filled with carbonic a;cid gas, and hermetically sealed. The metal 
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dissolves quietly without evolution of gas. When the action Fig, 161. 
is complete, and the virhole cool, the vessel is observed to 
contain a white saline mass, which on the admission of a 
little water, dissolves, and liberates a heavy oily Uquid, the 
kakodyle itself. This is rendered quite pure by distillation 
from a firesh quantity of zinc, the process being conducted 
in the little apparatus shown in the nuu^n, which is made 
&om a piece of glass tube, and is intended to serve the 
purpose of both retort and receiver. The zinc is introduced 
into the upper bulb, and the tube drawn out in the, manner 
represented. The whole is then filled with carbonic acid, 
and the lower extremity put into communication with a 
little hand-sjrringe.. On dippii^ the point a into the crude 
kakodyle and making a slight movement of exhaustion, the 
liquid is drawn up into the bulb. Both extremities are then 
sealed in the blow-pipe flame, and after a short digestion at 
212^ or a little above, the pure kakodyle is distilled off into 
the lower bulb, which is kept cool. It forms a colorless, transparent, thin 
liquid, much resembling the oxide in odor, and surpassing that substance in 
inflammability. When poured into the air, or into oxygen gas, it ignites 
instantly; the same thing happens with chlorine. With very limited access 
of air it throws off white iumes,-passing into oxide, and eventually into kako- 
dylic acid. Kakodyle boils at 338®, and when cooled to 21® F. crystallizes hi 
large, transparent, square prisms. It combines directly with sulphur and 
chlorine, and in fact may readily be made to fumish all the compounds pre- 
viously derived from the oxide. It constitutes the most perfect tjrpe of an 
organic ^non-metal which chemistry yet possesses. 

£akodyle is decomposed by a tempemture inferior to redness, into metallic 
arsenic, and a mixture of 2 measures light carburetted hydrogen, and 1 mea- 
sure olefiant gas. 

Chloride of kakodyle forms a hydraiU^ which is thick and viscid, and readily 
decomposable by chloride of calcium, which withdraws the water. In the 
preparation of the chloride, and also in other opemtions, a small quantity of 
a red amorphous powder is often obtained, called erytranin. This is insolu- 
ble in water, alcohol, ether, uid caustic potash, but is gradually oxidized by 
exposure to the air, with production of arsenious acid. It contains Cfifi^ 
As*. 

Iobihe of kakodtlv. Kdl.— This is a thin, yellowish liquid, of oflen* 
sive odor, and considerable ^specific gravity, prepared by distilling oxide of 
kakodyie with strong solution of hydriodic acidr A yellow crystalline sub- 
stance is at the same time formed, which is an oxy-iodide. Brwmde and 
fyoridt of kakodyle have likewise been obtained and examined. 

SoLPHuasT OP KAKODTLB, KdS, is prepared by distilling chloride of 
kakodyle with a solution of the double sulphuret of barium and hydrogen. It 
18 a clear, thin, colorless liquid, smelling at once of alkarsin and mercaptan, 
insoluble in water, and spontaneously inflammable in the air. Its boiling>> 
point is high, but it distils easily with the vapor of water. This substance 
dissolves sulphur, and generates persulphuret of .kakodyle, KdS,, which is a 
sulphur-acid, and combines with the sulphurets of gold, copper, bismuth, lead, 
and antimony. 

Gtaitidb of kakodtlx. Kd , C^N. — ^The cyanide is easily fi)rmed by dis- 
tilling alkarsin, with strong hydrocyanic acid, or cyanide of mercury. Above 
91® F. it is a colorless, ethereal liquid, but below that temperature it crystal- 
lizes in colorless four-sided prisms, of beautiful diamond lustre. It boils at 
about 284®, and is but slightly soluble in water. It requires to be heated 
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before inflBimnation oocofs. The vapor of this sabste&ee is most fearfuUjr 
poisonous ; the atmosphere of a room is said to be so far contaminated by the 
eyapozation of a few grains, as to cause kistantaneous numbness of the bands 
and feet, vertigp, and even unconsciousness. 

Kakodtlic acid ; ALKAmesv. K403.-*This is the ultimate product of 
the action of oxygen at a low temperature upon kakodyle or its oxide; it is 
best prepared by adding oxide of mercury to that substance, covered urith a 
layer of water, and artificially cooled, until the mixture loses all odor, and 
afterwards decomposing any kakodylate of mercury diatmay have been fcnrmed 
by the cautious addition of more alkarsin. The liquid furnishes by evapora- 
tion to dryness and solution in alcohol, crystals of the new acid. The sui« 
phuret, and other compounds of kakodyle, yield, by exposure to air, the same 
substance. Kakodylic acid forms brilliant, colorless, brittle crjrstals, which 
have the ibrm of a modified square prism ; it is permanent in dry air, but 
deliquescent in a moist atmosphere* It is very soluble in water and in alco- 
hol, but not in ether; the solution has an acid reaction*. Whdn mixed with 
alkalis and evaporated, a gummy; amorphous mass results. With the oxides 
of silver and mercury, on the other hand, it yields erystaUizable eompounds. 
It unites with oxide of kakodyle, and forms a varied of coixtbinations with 
metallic salts. Alkargen is exceedingly stable; it is neither effected by red, 
ftuning nitric aoid^ aqua regia, nor even chromic acid in solution ; it may be 
boiled with these substances without the least change. It is deoxidized, bow- 
ever, by phosphorous acid and protochloride of tin to oxide of kakodjrle. Dry 
hydriodic acid gas decomposes it, with production of water, iodide of kakx>> 
dyle, and free iodine; hydrochloric acid, under similar circumstiinces, con- 
verts it into a corresponding perchloride, which is solid and crystallizaUe. 
Lastly, what is extremely remaricable, this substance is not in the least degree 
poisonousi. 

pARAKAXonTUC oxiDK.— ^Wbcn air is allowed access to a quanti^ of 
alkarsin, so slowly that no sensible rise of temperature follows, that body is 
gradually converted into a thick sirupy liquid, full of crystals of kakodylic 
add. Long exposure to air, or the passage of a copious current through the 
mass, heated to 158®, fails to induce erystallization of the whole. If in this 
state water be didded, everything dissolves, and a solution results which 
contains kakodylic acid, partly free, and partly in combination with oxide of 
kakodyle. When this liquid is distilled, water, having the odor of alkarsin, 
passes over, and afterwards an oily liquid, which is the new compound, 
bnpure kakodylic add remains in the retort. 

Parakakodylic oxide, purified by rectification from caustic barjrta, is a oo- 
lorless^ oily liquid, strongly resembling alkarsin itself in odor, relations to sol- 
vents, and in the greats number of its reactions. It neither fumes in the 
air, however, nor takes fire at common temperatures; its vapor, mixed with 
air, and heated to 190®, explodes with violence. By analysis, it is found to 
have exactly the same composition as ordinary oxide of ks^odyle. It is just 
possible that, instead of being an isomeric modification of that substance^ it 
may be pure oxide of kakodyle itself^ and bear the same relation to the spon- 
taneously infiammable product that putn phosphuretted hydrogen does to the 
gas obtained by the action of water on pho^huret of calcium.* 

* See Annalen der Chemie und PhamiBcie, xxiv. p.S7i; xxviL p. 148; xxxi. p. 175; 
Xxxvii. p. 1 ; xUl. p. 14, and xlvi. p. 1. 
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SECTION 11. 
SUBSTANCES MORE OR LESS ALLIED TO ALCOHOL. 



'WOOB-SMBIT, AHD IT8 BSBITATIVXS. 

Ik the year 1812, Mr. P. Taylor disoovered among the liquid products of 
the destructive distillation of dry wood, a peculiar volatile inflammable liquid, 
much reSsembling spirit of wine, to which allusion has already been made. 
This substance has been shown by M. Dumas* to be really a second alcohol, 
forming an ether, and a series of compounds, exactly corresponding with those 
of vinous spirit, and even more complete, in some points, than the latter. 
Wood-spirit, like ordinary alcohol, is conveniently regarded as the hydiated 
oxide of a salt-basyle, not yet isolated, containing C^H, , ccdled methyk.'\ 

Wood-spirit Series, 

Methyle (symbol, Me) .... CgH, 

Oxide of methyle C^H, ,0 

Chloride of methyle . . . . CjHg , Cl 

Iodide of methyle, &c ^a^s > I • 

Wood-spirit aH3,0+H0 

Sulphate of oxide of methyle . . . C^H3,-f-S0g 

Nitrate of oxide of methyle, &c . . CjHg , O+NOg 

Sulphomethylic add .... C^HgO , 2SO3+HO 

Formic acid CjH O3 

Chloroform C^H Cl, 

Htsrateb oxide of xethtlx ; ptboxtlic spirit; wood-spirit. MeO-f- 
HO. — ^The crude wood-vinegar probably contains about jijfih part of this 
substance, which is separated from the great bulk of the liquid by subjecting 
the whole tp distillation, and collecting apart the first^ portions which pass 
over. The acid solution thus obtained is neutralized by hydrate of lime, the 
clear liquid separated irom the oil which floats on the surface, and from the 
sediment at the bottom of the vessel* and again distilled. A volatile liquid, 
which burns like weak alcohol, is obtained; this may be strengtliened in the 
same manner as ordinary spirit, by rectification, and ultimately rendered pure 
and anhydrous, by careful distillation from quicklime, by the heat of a water- 
bath. Pure wood-spirit is a colorless, thin liquid, of peculiar odor, quite differ- 
ent from that of alcohol, and burning, disagreeable taste ; it boils at 1529 F., 
and has a density of '798 at 68®. The density of its vapor is 1*12. Wood- 
spirit mixes in all proportions with water, when pure ; it dissolves resins and 
volatile oils as freely as alcohol, and is often substituted for alcohol in various 
processes in the arts, for which purposes it is prepared on a large scale. It 
may be burned instead of ordinary spirit, in lamps ;'the flame is pale-colored, 

* MM. Damag and Ptfligot, Ann. Chim. et Phys., Iviii. p. 5. 

t From wSu, wine, and t/\y, wood ; the terminaiion uxn^ or ykf is very frequently 
employed in ihe sense of matterf material. 
22 
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like that of alcohol, and deposits no soot. Wood-^irit dissolves caustic baryta ; 
the solution deposits, by evaporation in vacuo, acicular crystals, containing 
BaO-l-MeO , HO. Like alcohol, it dissolves chloride of calcium in large 
quanti^, and gives rise to a crystalline compound, resembling that formed by 
alcohol, and containing, according to Dr. Kane,<l)aCl4-2MeO , HO. 

Ox|DB OF XKTHTI.S ; wooD-XTHBB. MeO.---4>ne part of wood-spirit and 4 
parts of concentrated sulphuric add are mixed and exposed to heat in a flask 
fitted with a perforated cork and bent tube ; the liquid slowly blackens, and 
emits large quantities of gas, which may be passed through a little strong 
solution of caustic potash, and collected over mercury. This is the wood-spirU 
ether, a permanently gaseous substance, which does not liquefy at the tempera- 
ture of 3® F. it is colorless, has an ethereal odor, and bums with a pale 
and feebly luminous . flame. Its specific gravity is 1*617, Cold water dis- 
solves about 33 times its volume of this gas, acquiring thereby the cbarac- 
teridtic taste and odor of the substance ; when boiled, the gas is again libe- 
rated. Alcohol, wood-spirit, and concentrated sulphuric acid, dissolve it in 
still larger quantity. 

CHLoaiDB or xsTHTLB. MeCl.^-This compound is most easily prepared 
by heating a mixture of 2 parts of common salt, 1 of wood-spirit, and 3 of 
concentrated sulphuric acid ; it is a gaseous body, which may be conveniently 
collected over water, as it is but slightly soluble in that liquid. Chloride of 
methyle is colorless : it has a peculiar odor and sweetish taste, and burns, 
when kindled, with a pale flame, greenish towards the edges, like most com- 
bustible chlorine-compounds. It has a density of 1*731, and is not liquefied 
at 0° F. The gas is decomposed by transmission through a red hot tube, 
with slight deposition of carbon, into hydrochloric acid gas and a carburetted 
hydrogen, which has been but little examined. 

lomox OF METHYLS, McI, is a colorless, and feebly combustible liquid, ob- 
tained by distilling together 1 part of phosphorus, 8 of iodine, and 12 or 15 
of wood-spirit. It is insoluble in water, has a density of 2*237, and boils at 
76°. The density of its vapor is 4*883. 

Compounds of methyle, with fluorine, cyanogen, and sulphur, have also 
been obtained. 

SuLFHATS OF oxisx OF XXTBTLB. McO , SO3. — ^This interesting substance, 
to which there is no known analog in the alcohol-series, is readily prepared 
by distilling 1 part of wood-spirit with 8 or 10 of strong oil of vitriol; the dis- 
tillation may be carried nearly to drjmess. The oleaginous liquid found in 
the receiver is agitated with water, and purified by rectification from pow* 
dered caustic baryta. The product, which is the body sought, is a colorless 
oily liquid of alliaceous pdor, having a density of 1'324, and boiling at 370^' 
F. It is neutral to test-paper, and insoluble in water, but decomposed by that 
liquid, slowly in the cold, rapidly and with violence at a boiling temperature, 
into au^homethylic acid^ and wood-spirit, which is thus reproduced by hydra- 
tion of the liberated methylic ether. Anhydrous lime or baryta have no action 
on this substance; their hydrates, however, and those of potash and soda, 
decompose it instantly, with- a production of a sulphomethylate of the base, 
and wood-spirit When neutral sulphate of methyle is heated with common 
salt, it yields sulphate of soda and chloride of methyle ; with cyanide of mer- 
cury or potassium, it gives a sulphate of the base, and cyanide of methyle; 
with dry formiate of soda, sulphate of soda and formiate of methyle. These 
reactions possess great interest 

NiTBATx OF THB oxiDX OF MBTHTiH. MeO, NO5. — Ouo part of nitrate of 
potash is introduced into a retort, connected with a tubulated receiver to which 
is attached a bottle, containing salt and water, cooled by a freezing mixture ; 
a second tube serves to carry off the inoondensible gases to a chimney. A 
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mixture of 1 part of wood-spirit, cuid 2 of oil of vitriol is made, and immedi- 
ately poured upon the nitre ; reliction coram ^ices at onoe, and requires but 
little aid from external heat A small quantity of red vapor is seen to arise, 
and an ethereal liquid condenses, in great abundance, iti the receiver, and 
also in the bottle. When the process is at an end, the distilled products are 
mixed, and the heavy oily liquid obtained separated from the water. It is 
purified by several successive distillaticwis by the heat of a water-bath from a 
mixture of chloride of calcium and litharge, and, lastly, rectified alone in a 
retort, furnished with a themacmieter passing through the tubulature. The 
liquid begins to boil at about 140^; the temperature soon rises to 150^, at 
which point it remains constant; the product is then collected apart, the first 
and most volatile portions bdng contaminated with hydrocyanic acid, and 
other impurities. Even with these precautions, the nitrate of metbyle is not 
quite pure, as the analytical results show. The properties of the substance, 
however, remove any doubts respecting its real nature. 

Nitrate of metbyle is colorless, neutral, and of feeble odor ; its density is 
1*182; it coils at 150°, and bums, when kindled, with a yellow flnme. Its 
vapor has a density of 2*64, and is eminently explosive; when heated in a 
^Bask or globe to 300°, or a liale above, it explodes with fearful violence; the 
determination of the density of the vapor is, consequently, an operaticm of 
danger. Nitrate of methyle is decomposed by a solution of caustic potash 
into nitrate of that base, and wood-spirit 

OxALATX OF oxiDR OF xbThtle. — ^McO, Cfi^. — ^This beautiful and interest- 
ing substance is easily prepared by distilling a mixture of equal weights of 
oxalic acid, wood-spirit, and oil of vitriol. A spirituous liquid collects in the 
receiver, which,. exposed to the air, quickly evaporates, leaving the oxalic 
methyle-ether in the form of rhombic transparent crystalline plates, which 
may be purified by pressure between folds of bibulous paper, and re-distilled 
from a litde oxide of lead. The product is coloriess, and has the odor of 
common oxalic ether; it melts at 124°, and boils at 322°. It dissolves freely 
in alcohol and wood-spirit, and also in water, which, however, rapidly decom- 
poses it, especially when hot, into oxEilic acid and wood- spirit The alkaline 
hydrates efiect the same change even more easily. Solution of ammonia 
converts it into oxamide and wood*spirit With dry ammoniacal gas it yields 
a white, solid substance, which crystallizes from alcohol in pearly cubes ; this 
new body contains C^H^N O^, and is designated oxamethylane. Many other 
salts of oxide of metbyie have been formed and examined. The acetate, 
MeOjC^HgOg, is abundantly obtained by distilling 2 parts of wood«pirit with 
1 of crystallizable acetic acid, and 1 of oil of vitriol. It much resembles 
acetic ether, having a density of *919, and boiling at 136°; the density of its 
vapor is 2*563. This compound is isomeric with formic ether. 

Formiate of methyle, MeO,C2H O3, is prepared by heating in a retort equal 
weights of sulphate of methyle and formiate of soda. It is very volatile, 
lighter than water, and is isomeric with hydrate of acetic acid. Chlmv-carbotdc 
methyle-ether is produced by the action of that gas upon wood spirit; it is a 
colorless, thin, heavy, and very volatile Hquid, containing C^HgCl O^. It yirids 
with dry ammonia a solid crystallizable substance, called urethylane. 

801.PHOMSTHTLIC Acin. — MeO,2S03+HO.-^-Sulphomethylate of ber3rtes is 
prepared in the same manner as the sulpbovinate ; 1 part of wood-spirit i^ 
slowly mixed with 2 parts of concentrated sulphuric acid, the whole heated to 
ebullition, and lefl to cool, af\er which it is diluted with water and neutralized 
with carbonate of baryta. The solution is filtered from the insoluble sulphate, 
and evaporated, first in a water-bath, and afterwards in vacuo to the due de- 
gree of concentration. The salt crystallizes in beautiful square colorless tables, 
containing BaO-|-CjH30,2S03-l-2HO, which effloresce in dry air, and are 
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very solable in water. By exactly precipitating the base tram, tins substance 
by dilute sulphuric acid, and leaving the filtered liquid to evaporate in the 
air, hydrated sulphomethylic acid may be procured in the form of a sour, 
sirupy liquid, or as minute adcular crystals, very soluble in water and alcohol. 
It is very instable, being decomposed by heat in the same manner as sulpho* 
vinic acid. SuJphomdhylaU of potoih crystallizes in small, nacreous, rhombic 
tables, which are deliquescent; it contains KO-|*C2H30,2S03. The lead-salt 
is also very soluble. 

FoBHic i.ciD.*— As alcohol by oxidation under the influence of finely-divided 
platintun gives rise to acetic acid, so wood-spirit, under similar circumstances, 
yields a peculiar acid product, produced by the substitution of 2 eq. of oxygen 
for 2 eq. of hydrogen, to which the term, formic is g^ven, from its occurrence 
in the animal kingdom, in the bodies of ants. The experiment may be easily 
made by enclosing wood-spirit in a glass jar with a quantity of platinum- 
black, and allowing moderate access of air; the spirit is gradually converted 
into formic acid. There is no intermediate product corresponding to aldehyde. 
Anhydrous formic acid, as in the salts, contains C^HO,, or the elements of 2 
eq. carbonic oxide, and 1 eq. water. 

Pure hydrate of formic acid, C^H Oj-^HO, is obtained by the action of 
sulphuretted hydrogen on dry formiate of lead. The salt, reduced to fine 
ix>wder, is very gently heated in a glass tube connected with a condensing 
apparatus, through which a current of dry sulphuretted hydrogen gas is trans- 
mitted. It forms a clear, colorless liquid, which fumes slightly in the air, 
of exceedingly penetrating odor, boiling at about 212°, and crystallizing in 
large brilliant plates when cooled below 32^. The sp. gr. of the acid is 1*235 ; 
it mixes with water in all proportions; the vapor is inflammable, and bums 
with a blue flame. A second hydrate, containing 2 eq. of water, exists; its 
density is' 1*11, and it boils at 223°.. In its concentrated form, this acid is 
extremely corrosive ; it attacks the skin, forming a blister or an ulcer, painful 
and diflicult to heal. A more dilute acid may be prepared by a variety of 
processes; starch, sugar, and many other organic substances often yield formic 
acid when heated with oxidizing agents; a convenient method is the follow- 
ing: — 1 part of sugar, 3 of peroxide of manganese, and 2 of water are mixed 
in a very capacious retort, or large metal still ; 3 parts of oil of vitriol, diluted 
with an equal weight of water, are then added, and when the first violent 
eflfervescence from the disengagement of carbonic acid has subsided, heat is 
cautiously applied, and a considerable quantity of liquid distilled over. This 
is very impure; it contains a volatile oily matter, and some substance which 
communicates a pungency not proper to formic acid in that dilute state. 
The acid liquid is neutralized with carbonate of soda, and the resulting formi- 
ate purified by crystallization, and if needful, by animal charcoal. From this, 
or any other of its salts, solution of formic acid may be readily obtained by 
distillation with dilute sulphuric acid. It has an odor and taste much resem- 
bling those of Eu;etic acid, reddens litmus strongly, and decomposes the alka- 
line carbonates with effervescence. 

Formic acid, in quantity, may be extracted from ants by distilling the insects 
with water, or by simply macerating them in the cold liquid. 

Formic acid is readily distinguished from acetic acid by heating it with a 
little solution of oxide of silver or mercury; the metal is reduced, and preci- 
pitates in a pulverulent state, while carbonic acid is extricated ; this reaction 
is sufficiently intelligible. The chloride of mercury is reduced, by the aid 
of the elements of water, to calomel, carbonic and hydrochloric acids being 
formed. 

The most important salts of formic acid are the following :^-Formtci/e of 
toda crystallizes in rhombic prisms containing 2.eq. of water; it is very 
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soluble, and is decomposed like the rest of the salts by hot oil of vitriol with 
evolution of pure carbonic oxide. Fused with many metallic oxides, it causes 
their reduction. FormUUe ofpota^ is with difficulty made to crystallize from 
its great solubility. Formiate of ammonia crystallizes in square prisms ; it is 
very soluble, and is decomposed by a high temperature into hydrocyanic acid 
and water, the elements of which it contains. The salts of baryta^ Arontia^ 
Unu^ and magnetia form small prismatic crystals, soluble without difficulty. 
Formiate of had crystallizes in small, diverging, colorless needles, which 
require for solution 40 parts of cold water. The fbrmiates of manganete^ prot- 
oande of iron, zinc^ nidcel, and cobaUy are also crystallizable. That of cojpiptr is 
very beautiful, constituting bright blue, rhombic prisms of considerable magni- 
tude. Formiate of tUbMr is white, but slightly soluble, and decomposed by the 
least elevation of temperature. 

Chlobofobk; — ^This substance is produced, as already remarked, when an 
aqueous solution of caustic alk&li is made to act upon chloral. It may be 
ol^ined with greater facihty by distilling alcohol, wood-spirit, or acetone with 
a solution of chloride of lime. 1 part of hydrate of lime is suspended in 24 
parts of cold water, and chlorine passed through the mixture until nearly the 
whole lime is dissolved. A little more hydrate is then added to restore the 
alkaline redaction, the clear liquid mixed with 1 part of alcohol or wood-spirit, 
and, ailer an interval of 24 hours, cautiously distilled in a y&r^ spacious 
vesseL A watery liquid containing a little spirit, and a heavy oil collect in 
the receiver ; the latter, which is the chloroform, is agitated with water, 
digested with chloride of calcium, and rectified in a water-bath. It is a thin, 
colorless liquid of agreeable ethereal odor, much resembling that oi Dutch- 
liquid, and sweetish taste. Its density is 1*48, and it boils at 141^ ; the density 
of its vapor is 4*116. Chloroform is with difficulty kindled, and burns with a 
greenish flame. It is nearly insoluble in water, and is not affected by ton- 
centrated sulphuric acid. Alcoholic solution of potash quickly decomposes it 
with production of chloride of potassium and fcnrmiate of potash. 

Qiloroform contains C^H Cl^; it is changed to formic acid by the substitution 
of three eq. of oxygen for the three eq. of chlorine removed by the alkaline 
metal. 

Bromoform^ CgH Brg, is a heavy, volatile liquid prepared by a similar pro- 
cess, bromine being substituted in the place of chlorine. It is converted by 
alkalis into bromide of x>otas8ium and formiate of potEish. Iodoform^ CjH I3, 
is a solid, yellow, crystallizable substance, easily obtained h^ adding alooholio 
solution of potash to tincture of iodine, avoiding excess, evaporating the whole 
to dryness, and treating the residue with water. Iodoform is nearly insoluble 
in water, but dissolves in alcohol, and is decomposed by alkalis in the same 
manner as the preceding compounds. 

FoBKOicxTHTLAL.' — ^This is a product of the distillation of wood-spirit witli 
dilute sulphuric acid and oxide of manganese. The distilled liquid is saturated 
with potash, by which the new substance is separated as a light oily fluid. 
When purified by rectification, it is colorless, and of agreeable aromatic odor ; 
it has a density of *855, boils at 107®, and is completely soluble in three parts 
of water. It contains CjH^Oj. 

MsTHTL-MSBCA,FTAir is prepared by a process similar to that recommended 
for- ordinary mercaptan, sulphomethylate of x>ota8h being substituted for the 
sulphovinate of lime. It is a colorless liquid, of powerful alliaceous odor, and 
lighter than water; it boils at 68®, and resembles mercaptan in its action on 
red oxide of mercury. 

PbGOUOTS OT the ACTtOK OT CHLOBISTX OK THE GOKPOUKBS OT XETHTLE.<— 

Chlorine acts upon the methylic compounds in a manner strictly in obedience 
to the law of substitution; the carbon invariably remains intact, and every 
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proportion of hydrogen removed is replaced by an equiytilent quantity of chlo- 
rine. Methylic ether and chlorine, in a dry and pure condition, yield a -volatile 
liquid product, containing CjHgCl O; the experiment is attended with great 
danger, as the least elevation of temperature gives rise to a violent explosion. 
This product in its turn fiimishes, by the continued action of the gas, a second 
liquid, containing CJi CLO. The whole of the hydrogen is eventuaUy lost, 
and a third compound, XSjClfiy produced. Even the oxygen may. It seems^ 
be displaced, and a new chloride of carbon, C^Cl^, generated. 

Chloride of methyle, C9H3CI, in like manner gives rise to three successive 
products. The first, CJdjSl^ is a new volatile liquid, much resembling 
chloride of olefiant gas ; the second, CjH CI3, is no other than chloroform ; the 
third is chloride of carbon, CjCl.^* The acetate of methyle, C^Hfi^, gives 
CgH^CljO^, and C^HjCljd^ ,* the other salts are without doubt lUSfected in a 
similar manner. 



Commercial wood-spirit is very frequently 'Contaminated with other sub* 
stances, some of which are with great difficulty separated. It oflen contains 
aldehyde, sometimes acetone, and very frequently a volatile oil, which is pre- 
cipitated by the addition of water, rendering the whole turbid. A specimen 
of wood-spirit, fix>m Wattwyl,in Switzerland, was found by Gmelin to contain 
a volatile liquid, differing in some respects from acetone, to which he gave 
the term Ugnone. A very similar substance is described by Schweitzer and 
Weidmann, under the name of xylite.f Lastly, Mr. Scanian hka obtained 
from wood-spirit a sc^id, yellow, crystallizable substance, called ebhrnine. It is 
left behind in the retort when the crude spirit is rectified from lime ; it is 
insoluble in water, sublimes without fusion vat 273^, and contains, according 
to Dr. Gregory, C^jH^O^. 

POTATO-OIL, AlTD ITS SK&IVATIVSS. 

In the manufacture of potato-lMrandy the crude spirit is found to be con- 
taminated with an acrid volatile oil, which is extremely difficult to separate 
in a complete manner. Towards the end of the distillation it passes over in 
coiisiderable quantity; it maybe collected apart, agitate^ with several suc- 
cessive portions of water to withdraw the spirit, with which it is mixed, and 
re-distilled. This substance exhibits properties indicative of a constitution 
analogous to that of alcohol ; it may be considered as the hydrate of the oxide 
of a hydrocarbon, called amyle, containing C,qH,j.{ The ether of potato-oil 
has not yet been obtained ; but a variety of other compounds, corresponding 
in every point to those of ordinary alcohol, have been fi)rmed, as will be 



manifest from an inspection of the fol 

Amyle (symbol Ayl) 
Amyle-ether (unknown) 
Potato-oil, 

Chloride of amyle . 
Bromide of amyle. . 
Iodide of amyle 
Acetate of amyle 
Sulphamilic acid 
Amilen . 
Valerianic acid 



owing table : — 



C,,H„. 0-f HO 

C,oH,„ I 

CoHhO, 2S03-f.H6 



• Regnanlt, Ann. Chim. et Phys., liii. p. 353. 

t Annttlen der Cbemie und Pharmacie, xxxvi. p. 205. 

I See Gahours, Aim. Chim. et Phyi^ Ixx. p. 81 j and Ixzv^ p. IM. 
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Htoiiatsd oxibb of axtlk ; fussl-oil. — ^AylO+HO. — ^When pure, this 
is a thin fluid oil, exhaling a powerful and peculiarly suflbcating odor, and 
leaving a burning taste ; it inflames with some difficulty, and tlien burns with 
a pure blue flame. Its density is *818, and boiling-point 262° F. It under- 
goes little change by contact with air under ordinary circumstances; but 
when warmed and dropped upon platinum-black, it oxidizes to valerianic 
actdf which bears the same relation to this substance that acetic acid does to 
ordinary alcohol. 

Chloeise of aktls.— AylCi. — ^The chloride is procured by subjecting to 
distillation equal weights of potato-oil and perchloride of phosphorus, washing 
the product repeatedly with alkaline water, and rectifying it from chloride of 
calcium. It is a colorless liquid, of agreeable aromatic odor, insoluble in wa- 
ter, and neutral to test-paper; it boils at 215°, and ignites readily, burning 
with a flame green at the edges. By the long-continued action of chlorine, 
aided by powerful sunshine, a new product, or chloruretttd chloric of amyUj 
was chained in the form of a volatile, colorless liquid, smelling like camphor, 
and containing Cj^HjCl^; the whole of the hydrogen could not, however, be 
removed. 

Beoxide of axtlb, Ayl Br, is a volatile, colorless liquid, heavier than wa- 
ter; its odor its penetrating and alliaceous. The bromide is decomposed by 
an alcoholic solution of potash with production of bromide of the metal. 

Iodide of aktls, Ayl I, is procured by distilling a mixture of 15 parts of 
potato-oil, 8 of iodine, and 1 of phosphorus. It is colorless when pure, heavier 
than water, volatile without decomposition at 248°, and resembles in other 
respects the bromide ; it is partly decomposed by exposure to light. 

Acetate of oxide of amtle. — ^Ayl O, C4H3O3, — ^This interesting product 
is easily obtained by submitting to distillation a mixture of 1 part of potato- 
oil, 2 parts of acetate of potash, and 1 pari of concentrated sulphuric acid; it 
is purified by washing with dilute alkali, and distillation from chloride of 
calcium. It presents the appearance of a colorless, limpid liquid, which is 
insoluble in water, soluble in alcohol, boils at 257°, and becomes converted 
by an alcoholic solution of x>otash into an acetate of the base, with reproduc- 
tion of the oil. 

SuLPHAMiLic ACID. — When equal weights of potato-oil and strong sulphuric 
acid are mixed, heat is evolved, accompanied by blackening and partial de- 
composition. The mixture diluted with water and saturated with carbonate 
of baryta, aflbrds sulphate of that base, and a soluble salt corresponding to 
the sulphovinate. The latter may be obtained in a crystalline state by gentle 
evaporation, and purified by re-solution and the use of animal charcoal. It 
forms small, brilliant, pearly plates, very soluble in water and alcohol, con- 
taining BaO+C,QH„0, 2S084"H0. The baryta may be precipitated from 
the salt by (Ulute sulphiuric acid, and the hydrated sulphamilic acid concen- 
trated by spontaneous evaporation to a syrupy, or even crystalline state ; it 
has an acid and bitter taste, strongly reddens litmus paper, and is decomposed 
by ebullition into potato-oil and sulphuric acid. The potash-salt forms groups 
of small radiated needles, very soluble in water. The sulphamilates of lime 
and oxide of lead are also soluble and crystallizable. 

Akilek. — 'By the distillation of the potato-oil with anhydrous phosphoric 
acid, a volatile, colorless, oily liquid is procured, quite difierent in properties 
from the original substance. It is lighter than water, boils at 320° or there- 
abouts, and contains no oxygen. Its composition is represented by the formula 
C,qH,q; consequently, it not only corresponds to olefiant gas in the alcohol 
series, but is isomeric with that substance. The vapor, however, has a dens** 
ity of 5*06, which is five times that of olefiemt gas, evezy measure containing 
10 measures of hydrogen. 
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CHI.ORAXILAI.. — ^This is the product of the action of dry chlorine on pori- 
fied potato-oil ; when pure, it is an oily, yellowish liquid, insoluble in water, 
dissolved by alcohol and ether, and having a taste, feeble at first, but which 
aflerwards becomes exceedingly acrid. It boils at 356®. By analysis this 
substance is found to contain Cgfli^Cl fi^^. 

Yalbhiaitic ▲cib^ — M. Dumas has shown that when a mixture of equal 
parts quicklime and hydrate of potash is moistened with alcohol and the 
whole subjected to gentle heat, out of contact of air, the alcohol is oxidized to 
acetic acid, with evolution of pure hydrogen gas. At a higher temperature, 
tlie acetate of potash produced is in turn decomposed, yielding carboriate of 
potash and light carburetted hydrogen. Wood-spirit, by similar treatment, 
yields hydrogen and fbrmiate of potash, which, as the heat increases, becomes 
converted into oxalate, and eventually into carbonate, with continued disen- 
gagement of hydrogen. In like manner potato-oil, the third alcohol, suffers 
under similar circumstances, conversion into a new acid, bearing to it the 
same relation that acetic acid does to common alcohol, and formic acid to 
wood-spirit, hydrogen being at the same time evolved. The body thus pro- 
duced is found to be identical with a volatile oily acid, distilled from the root 
of the Valeriana officinalis.* 

In preparing artificial valerianic acid, the potato-oil is heated in a flask 
with about ten times its weight of the above-mentioned alkaline mixture dur- 
ing the space of 10 or 12 hours; the heat is applied by a bath of oil or fusible 
metal raised to the temperature of 390° or 400°. When cold, the white, solid 
residue is removed by breaking the vessel, and quickly immersed into cold 
water ; a slight excess of sulphuric or phosphoric acid is then added, and the 
whole subjected to distillation. Water and hydrated valerianic acid pass over 
and are easily separated. When this hydrate is distilled alone, it undergoes 
decomposition ; water first appears, and eventually the pure acid, in the form 
of a thin, fluid, colorless oil, of the persistent and characteristic odor of vale- 
rian-root It has a sharp and acid taste, reddens litmus strongly, bleaches the 
tongue, and bums when inflamed with a bright, yet smoky light Valerianic 
acid has a density of '937° ; it boils at 347°. Placed in contact with water, 
it absorbs a certain quantity, and is itself to a certain extent soluble. The 
salts of this acid presents but little interest, as few among them seem to be 
susceptible of crystallizing. The liquid acid is found by analysis to contain 
CiflHgOg-fHO, and the silver-salt, AgO-fCipH^O,. The hydrate above tefer- 
red to, always produced when the acid is liberated from combination in con- 
tact with water, contains 3 eq. of Water. 

If an open-topped jar be set in a plate containing a litde water, and having 
beneath it a capsule with heated platinum-black, upon which potato oil is 
slowly dropped in such quantity as to be absorbed by the powder, the sides 
of the jar become speedily moistened with an acid liquid, which collects in 
the plate, and may be easily examined. This liquid, saturated with baryta^ 
water, evaporated to dryness, and the product distilled with solution of phos- 
phoric acid, yields valerianic acid. 

Chlobovalshisic acid. — >When dry chlorine is passed for a long time into 
pure valerianic acid, in this dark, the gas is absorbed in great quantity, and 
much hydrochloric acid produced; towards the end of the operation, a little 
heat becomes necessary. The product is a semi-fluid, transparent substance, 
heavier than water, odorous, and of acrid, biuning taste. It does not con- 
geal when exposed to a very low temperature, but acquires complete fluidity 
when heated to 86°. It cannot be distilled without decomposition. When 
put into water, it forms a thin, fluid hydrate, which afterwards dissolves to a 

* Ann. Chim. et Phys., Ixxiii. p. 113. 
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conmdeisble extent This bodf is freely soluble in Blkalies, from which it is 
Bgein precipitaled hy Ibe addition of an acid. ChloTOvaieiisic acid cCHilBias 
CuH,C1,03-|-H0. 

CHLomorALiBoaio acid. — This is the uldmatepraduct of iheacdon of oblo- 
rine on the pcecediog substance, aided by exposuie lo the sun. Il resemtdes 
cMorovalerisic acid in appearance and prqierties, being semi-fluid and cdor- 
less, destitute of odor, of powerful pangent laale, and heavier than water. It 
can neither be solidified by cotd, not distilled without deoompoaition. In con- 
tact with water, it forms a hydtale containing 3 eq. of that substance, wlfich 
is slightly soluble. In alcohol and ethei it dissolves with &:ili(y. It forms 
salts wilh bases, of which the beet defined is that of silTet. ChloroTaleiosio 
acid is composed of Ci,H5Cl,Oy4-HO. 

FusiL-oir. THOK OBiix. — This suhstance, which is sometimes pioduoed in 
very In^e quantity, being probably like the potato-oil, generated during fer- 
mentations, is staled by Mulder to be a mixture of "oil of corn" with moan- 
thic ether, cenanlhic acid, and occasionally margaric acid. T)io origin of this 
latter subsQince is by no means clear; it may possibly be produced by art 
elterstion of the iBnanihic acid. At the same time ic should be remembered 
that dtstilLcrs arc sometimes in the habit of introducing a little soap oi fat of 
some kind into the still to equalize the boiling and breali: the bubbles ; the 
presence of the margaric acid may thus be accidentaL Tlxe comoil has a 
very powerful odor, resembling that of some of the umbelliferous plants; it 
is unaSected by solution of caustic potash, and contains Cg^Hj,^.* 



The volatile oil of bitter almonds possesses a very high d^ree of interest, 
from ilB study having, in the hands of MM. Liebig and Wdhler,t led to the 
first discovery of a compound organic body capable of entering into direct 
combination with elementary principles, aa bydn^n, chlorine, and oxygen, 
and playing in some degree Ihe part of a metal. The oil is supposed to be 
the hydraiBI of a salt-basyle, containing Cj^H^Og, called btnzayli, Ciom its 
Tehition to benzoic acid, which radical is to be traced throughout die whole 
series ; it has not yet been isolated. 

Tabll of BtKcoyle-amgxnmdt. 

Benzoyle, symbol Bz 

Hydruret of benzoyle; bitletfljmondoil . 
Oxide of benzoyle; benzoic acid 
Chloride of benzoyle . . ■ ' . 

Bromide of benzoyle 

Iodide of benzoyle -,,..- 
Sulphurel of benzoyle 

HiDmnixT or biitiotu; BimB-iutoini oix. BzH. — This substance is 
prepared in large qtiantities, principally for the use of the perfiuner, by di>- 

■ Ann. derChfrnie and Phumicis, xiiv.p. 318; ili.p.OSi ilv.|>.«r; alMPbaimt 
onlical Jonrnal, il. p. SOI. 
t ADualcn det Fhumacia, iii. p. MS. 
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tilling with water the paste of biner-nlnionds, from which the fiieil oil has 
been expFcwed. Il ccnainlj does □□( pre-exist in the almonds: the tat oil 
obtained from thorn by preesure ia absolutely free from every ftace of Ihia 
principle; it is fbimed by the action of water u|ion a peculiar cryetallizable 
nibalance, hereafter to be described, called amygdaiint, aided in a very eztra- 
ordinary manner by the presence of the pulpy alburainotia matter of the seed. 
The crude <Ai baa a yellow color, and contains a leij considerable quantit/ 
of hydnx^anic acid, whose OTigin is cotemporaneous with that of the oil 
itself; it is agitated with dilute solution of protochloiide of iron mixed with 
hydrate of lime in excess, and the whole subjected to disIillatkiD ; water passes 
orer, accompanied by the now ptuified essential oil, which is to be lell lor a 
abort time in contact widi a few fiagments of ftised chloiide of calcium to 
free it from water. 

Puce bydruret of benzoyle is a thin, colorless hijuid, of great refractive 
power, and peculiar and very agieeoble odor] iU density is 1043, and its 
boiling-point, 356°; it is soluble In about 30 parts of water, and is misdble 
in all proportions witb alcohol and ether, Exposed to the air, it greedily ab- 
sorbs oxygen, and becomes cotiverted into a mass of crytallized benzoic acid. 
Heated with solid hydrate of potash, it disengages hydrogen, and yields ben- 
zoate of the hase. Tb« vapor of the oil ia infiammable, and burns ^'ith a 
bright dame and much smoke. It is very doubtful whether pure bitter-almond 
Oil is poisDuous ; the crude product, sometimes used fbr imparting an agree- 
able flavor to puddings, custards, tec,, and even publicly sold for that purpose, 
is in the highest degree dangerous. 

Oiini or BsaioTLi; biiioic acid. BzO; — This is the sola product of 
the oxidation at a moderate temperature of bitter^lmond oil ; it is not, hoiv- 
ever, thus obtained for the purposes of experiment and of pharmacy. Several 
t^ the balsams yield benzoic acid in great abundance, more especially the 
concrete resinous variety known under the name of gum-bemom. When (his 
Aubst&iKe is exposed to a gentle heat in a subliming vessel, the benzoic acid 
is volanlized, and may be condensed by a suitable arrangement The sim- 
plest and most efficient apparatus for this and all similar operations, ia the 
contrivance of Dr. Mohi; it oonsisis of a shaUow iron 
Fig. 103. pan over the bottom of which the substance to be sub- 

limed is thinly spread; a sheet of bibulous paper, 
pierced with, a ntunber of pin-holes, is then stretched 
over the vessel, and a cap made of thick, strong draw- 
ing or cartridge-paper, secured by a string or hoop over 
the whole. The pan is placed upon a sand-bath and. 
slowly heeled to the requisite temperature ; the vapor 
of the acid condenses in the cap, and the cryslals are 
kept by the thin paper diaphragm from ihlling back 
again into the pan. Benzoic acid thus obtained assumes 
the form of light, feathery, colorless crystals, which 
exhale a fragrant odor, not belonging to the arjd itself, 
but due to a small quantity of a volatile oil. A more productive method of 
preparing the acid is to mix the powdered gum-benzoin very intimately with 
an equal weight of hydrate of lime, to boil this mixture with water, and to 
decompose the filtered solution, concentrated by evaporation to a small bulk, 
with excess of hydrochloric acid ; the benzoic acid crystallizes out on cooling 
in thin plates, which maybe drained upon a cloth filter, pressed, and dried in 
the air. By sublimation, which is then effected with tri&ing loss, the acid is 
oblained perfectly white. 

Benzoic acid is inodorous when cold, but acquires a faint smell when gently 
warmed; itmelts just below 24S° and sublimes at a temperature a little above; 
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it boils at 462°, and emits a vapor of the density of 4*27. It dissolves in 
about 2(X) parts of cold, and 25 parts of boiling water, and with great facility 
in alcohol. Benzoic acid is neither affected by boiling concentrated nitric acid, 
nor by chlorine. The crystals obtained by sublimation, or by the cooling of a 
hot aqueous solution, contain an equivalent of water, which is basic, or C,^ 
H,0,+HO. 

All th^.benzoates have a greater or less degree of solubility; they are easily 
formed, either directly, or by double decomposition. BenzocUeg of tht dOcalit 
and of ammoma are very soluble, and somewhat difficult to crystallize. Ben- 
zoate of hme forms groups of small colorless needles, which require 20 parts 
of cold water for solution. The salts of baryta and strowtia are soluble with 
difficulty in the dold. Neutral benzoate of the peroxide of iron is a soluble com- 
pound, but the basic salt obtained by neutralizing as nearly as possible by am- 
monia a solutioti of peroxide of iron, and then adding benzoate of ammonia, 
is quite insoluble. Peroxide of iron is sometimes thus separated from other 
metals ifi practical analysis. BenzocUe and sub-benzoa^eoflead are feebly solu- 
ble in the cold. Benax)ate of silver crystallizes in thin transparent plates, 
which blacken on exposure to light 

SiTLPBoiiEirzoic ACID. — Beuzoic acid is soluble without change in concen- 
trated oil of vitriol, and is precipitated by the addition of water j it combines, 
however, with anhydrous sulphuric acid, generating a compound acid analo- 
gous to the sulphovinic, but bibasic, forming a neutral and an acid series of 
salts. The bar)rtic compound is easily prepared by dissolving in water the 
viscid mass produced by the union of the two bodies, and saturating the solu- 
tion with carbonate of baryta. On adding hydrochloric acid to the filtered 
liquid, and allowing the whole to cool, acid sulphobenzoate of baryta crystal- 
lizes out This salt has an acid reaction, and requires 20 parts of cold water 
for solution ; the neutral salt is much more soluble. The hydrated acid is 
easily obtained by decomposing the sulphobenzoate of baryta by dilute sul- 
phuric acid ; it forms a white, crystalline, deliquescent mass, very stable and 
permanent, which probably contains Cj^HgOj, SOg-f-SHO.* 

When dry benzoate of lime is distilled at a high temperature, it yields benr 
zone, which, when pure, is a thick, oily colorless liquid, of peculiar odor ; it 
boils at 482°, or a little above, and contains CjgHgOj carbonate of lime re- 
mains in the retort ; the reaction is thus perfectly analogous to that by which 
acetone is produced by the distillation of a dry acetate. 

CaO , C,4H50^=C,gH50 and CaO , COy 

The benzone is, however, always accompanied by secondary products, due 
to the irregular and excessive temperature, as naphthaline, carbonic oxide, 
and benzine, a body next to be described.!)^ 

If crystallized benzoic acid be mixed with three times its weight of hy- 
drate of lime, and the whole distilled at a temperature slowly raised to red- 
ness, in a coated glass or earthen retort, water, and a volatile oily liquid^ 
termed benzine, pass over, while carbonate of lime, mixed with excess of hy- 
drate of lime, remains in the retort The benzine separated from the water 
and rectified, forms a thin, limpid, colorless liquid, of strong but not very dis- 
agreeable odor, insoluble in water, but miscible with alcohol, having a density 
of -850, and boiling at 187° F.; the sp. gr. of its vapor is 2*738. Cooled to 
32°, it solidifies to a white, crystalline mass. Benzine contains carbon and 
hydrogen only, in the proportion of 2 eq. of the former to 1 of the latter, or 

* Mitscherlicb, Lehrbuch, i. p. 108. 

t F^iigot Ann. Chim. et Phys., Ivi. p. 89. 
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probably C^H^ . It is produced by the resolution of the benzoic acid into ben- 
zine and carbonic acid, the water taking part in the reaction. 

Cj^HgO^^sCj^Hg and ^^^a' 

Benzine is identical with the bicarburet of hydrogen, several years ago dis- 
covered by Mr. Faraday in the curious liquid condensed during the compres- 
sion of oil-gas, of which it forms the great bulk, being associated with an ex* 
cessively volatile hydrocarbon, containing carbon and hydrogen in the ratio of 
the equivalents, the vapor of which required for condensation a temperature 
of 0°. It received the name etherine, from its supposed connection with 
alcohol and ether. 

SuLPHOBsirziDX Aim HTP08UXPH0BBFZIC ACID. — ^Beuziuo combines directly 
with anhydrous sulphuric acid, to a thick viscid liquid, soluble in a small 
quantity of water, but decomposed by a larger portion, with separation of a 
crystalline matter, the suiphtienzidej which may be washed with water, in 
which it is nearly iusoluble, dissolved in ether, and left to crystallize by spon- 
taneous evaporaticHL It is a colorless, transparent substance, of great per- 
manence, fusible at 212°, bearing distillation without change, and resisting 
the action of acids and other energetic chemical agents. Sulphobenzide con- 
tains CjgHgSOg. The acid liquid from which the preceding substance has 
been separated, neutralized by carbonate of baryta and filtered, 3rields kifpo- 
nUphobenzate of baryta^ which is a soluble salt, but crystallizes in an imperfect 
manner. By double decomposition with sulphate of copper, a compound of 
the oxide of that metal is obtained, which forms fine, large, regular crystals. 
The hydrate of hyposulphobenzic acid is prepared by decomposing the copper- 
salt with sulphuretted hydrogen ; a sour liquid is obtained, which furnishes, 
by evaporation, a crystalline residue, containing CijHgSjOg-l-HO. The salts 
of potcuhf todOt ammonioy and of the oxides of zinCy tnm, suver, crystallize freely. 
This compound acid can be prepared by dissolving benzine in Nordhausen 
sulphuric acid. 

NiTROBXirziDS. — Ordinary nitric acid, even at a boiling temperature, has 
no action on benzine; the red fuming acid attacks it, with the aid of heat, 
with great violence. The product, on dilution, throws down a heavy, oily, 
yellowish, and intensely sweet liquid, which has an odcHr resembling that of 
bitter-almond oil. Its density is 1*209 ; it boils at 415°, and distils imchanged. 
It is but little affected by. acids, alkalis, or chlorine, and is quite insoluble in 
water. Nitrobenzide contains CjjHgNO^. When nitrobenzide is heated with 
an alcoholic solution of caustic pota^, and the product subjected to distilla- 
tion, a red compound passes over, which separates, on cooling, in large red 
crystals, which are nearly insoluble in water, but dissolve with facility in ether 
and alcohol. This substance, which is called azobenzidey melts at 149°, and 
boils at 379° j it contains C^H^N.* 

Benzine and chlorine combme when exposed to the rays of the sun ; the 
product is a solid, crystalline, fusible substance, insoluble in water, containing 
CjjHijClg, called Morbenzine. When this substance is distilled, it is decom- 
posed into hydrochloric acid, and a volatile liquid, chbrbenzidty composed of 
CioHjClj. 

UHI.OBIDX or BXFZOTLX. BzCl.— This compound is prepared by passing 
dry chlorine gas through pure bitter almond oil, as long as hydrochloric acid 
continues to be formed; the excess of chlorine is then expelled by heat. 
Chloride of benzoyle is a colorless liquid, of peculiar, disagreeable, and pun- 
gent odor. Its density is 1*106. The vapor is inflammable, and bums with 
a tint of green. It is decomposed slowly by cold, and quickly by boiling 

* Mitscherlich, Lekrbnch, i. p. 100. 
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"water, into benzoic and hydrochloric acids ; with an alkaline hydrate, benzoate 
of the base, and chloride of the metal, are generated. If, in the preparation 
of chloride of benzoyle, the chlorine contain vapor of water, a peculiar 
crystalline substance is produced, containing C^HjgOg, which seems to be a 
oompoimd of hydrated benzoic add and bitter-almond oil. 
> When pure chloride of benzoyle and dry ammoniacal gas are presented to 
each other, the ammonia is energetically absorbed, and a white, solid sub- 
stance produced, which is a mixture of sal-ammoniac and a highly interesting 
lx)dy, benzcanide. The sal-amn:Loniac is removed by washing with cold water, 
and the benzamide dissolved in boiling water, and left to crystalHze. It forms 
colorless, transparent, prismatic, or platy crystals, fusible at 239°, and vola- 
tiiizable at a higher tcimperature. It is but sUghtly soluble in cold, freely in 
boiling water, also in alcohol and ether. Benzamide corresponds to oxamide, 
both in composition and properties; it contains Cj^H^NOj, or benzoate of oxide 
of ammonium mmus 2 eq. of water, and it suffers decomposition by both acid 
and alkaline solutions, yielding, in the first case, a salt of ammonia and ben- 
zoic acid, and in the second, free ammonia and a benzoate. 

Iodise of bsitzotls. BzI. — ^This is prepared by distilling the chloride of 
benzoyle with iodide of potassium ; it forms a colorless, crystalline, fusible 
mass, decomposed by v^ater and alkalis, in the same manner as the chloride. 
The bromide of benzoyle, BzBr, has very similar properties. The stdphuret, 
BzS, is a yellow oil, of ofiensive smell, which solidifies, at a low temperature, 
to a soft, crystalline mass. Cyanide of benzoyle, Bz, C^, obtained by heating 
the diloride with cyanide of mercury, forms a colorless, oily, inflammable, 
liquid, of pungent odor, somewhat resembling that of cinnamon. All these 
compounds yield benzamide with dry ammonia. 

Mas^belic acid.« — Crude bitter-almond oil is dissolved in water, mixed with 
hydrochloric acid, and evaporated to dryness ; the residue is boiled with ether, 
which dissolves out the new substance, and leaves sal-ammoniac. Mandelic 
acid forms small, indistinct, white crystals, which fuse, and afterwards sufler 
decomposition by heat, evolving an odor resembling that of the flowers of 
the hawthorn, and leaving a bulky residue of charcoal. It is freely soluble 
in water, alcohol, and ether, hEis a strong acid taste and reaction, and forms 
a series of crystallizable salts, with metallic oxides. This substance contains 
CjgHiyOg+HO, or the elements of bitter-almond oil, and formic acid ; it owes 
its origin to the peculiar action of strong mineral acids on the hydrocjranic 
acid of the crude oil, by which that body sufi*ers resolution into formic acid and 
ammonia. It is decomposed by oxidizing bodies, as peroxide of manganese, 
nitric acid, and chlorine, into bitter-almond oil and carbonic acid. 

Htdbobeitzakibe. — Pure bitter-almond oil is digested for some hours at 
about 120*^, with a large quantity of strong solution of ammonia; the resulting 
white crystalline prodtict is washed with cold ether, and dissolved in alcohol; 
the solution, left to evaporate spontaneously, deposits the hydrobenzamide in 
regular, colorless crystals, which have neither taste nor smell. This substance 
melts at a little above 212°, is readily decomposed by heat, dissolves with 
ease in alcohol, but is insoluble in water ; the alcoholic solution is resolved 
by boiling into ammonia and bitter-almond oil; a similar change happens 
with hydrochloric acid. Hydrobenzamide contains C42H,gN2, or the elements 
of three equivalents of bitter-almond oil, and 2 of ammonia, mtnus 6 equiva- 
lents of water. 

When impure bitter-almond oil is employed in this experiment, the products 
are different, three other compounds being obtained, called by M. Laurent 
benzhydramide, azobenzoyle, and nitrobenzoyk. The first is isomeric with hydro- 
benzamide, but differs in properties. 

BsKzoiKS. — ^This substance is found in the residue contained in the retort 
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iJEom which hitter-aUnond oil has been distilled with lime and oxide of iron^ 
to free it from hydiooyanic acid ; it is a product of the action of alkalis and 
alkaline earth? on the crude cnl, and is said to be only generated in the pre< 
sence of that remarkable acid. It is easily extiacted from the pasty mass by 
dissolving out the lime and oxide of iron by hydrochloric acid, and boiling the 
residue in alcohol. Benzoine forms colorless, transparent, brilliant, prismatic 
crystals, tasteless and inodorous ; it melts at 248°, and distils without decom< 
position. Water, even at a boiling heat, dissolves but a small quantity of this 
body; boiling alcohol takes it up in larger proportion; it dissolves in cold oil 
of vitriol, with violet color. The vapor, transmitted through a red>hot tube^ 
yields an oily liquid, changeable by exposure to air to benzoic acid, and which 
iOf probably, bitter-almond oil. Benzoine contains Ci^HqO^} and is, conse- 
quently, an isomeric modification of bitter-almond oil. 

BsHziLX. — ^This curious compound is a product of the action of chlorine on 
benzoine; the gas is conducted into the fused benzoine as long as hydro* 
chloric acid continues to be formed, and the crystalline residue purified by 
solution in alcohol. It forms large, transparent, sulphur-yellow crystals, fusible 
at 200°, unaltered by distillation, and quite inscduble in water. It dissolves 
freely in alcohol, ether, and concentrated sulphuric acid, from which it is pre- 
cipitated by water. Benzile is composed of Ci^H^O,, and is therefore itomene 
with the radical of the benzoyle aeriu.* 

BxirziLic ACis.-^Benzoine and benzile dissolve with violet-tint in alcoholic 
solution of caustic potash: by long boiling the liquid become colorless aifd is 
then found to contain a salt of a peculiar acid, called the bemilic^ which is 
easily obtained by adding hydrochloric acid to the filter^ liquid, and leaving 
the whole to cool. Benzilic acid forms small, colorless, transparent crystals, 
slightly soluble in cold, more readily in boiling water ; it melts at 248°, and 
cannot be distilled without decomposition. It dissolves in cold concentrated 
sulphuric acid with a fine carmine-red color. Benzilic acid contains CjgHuO^ 
+H0, or 2 eq. of benzile and I eq. water. 

BsvzixiDB. — This is a white, inodorous, shining, crystalline substance, oc- 
casionally found in crude bitter-almond oil. It is insoluble in water, and but 
slightly dissolved by boiling alcohol and ether. Oil of vitriol dissolves it with 
dark indigo-blue color, becoming green by the addition of a little water. This 
reaction is characteristic. Benzimide contains C2gH],N04. 

HiPPUBic ACiDiT-^This interesting substance is in some measure related to 
the benzoyle>compounds. It occurs, often in large quantity, in oombinatioa 
with potash or soda, in the urine of horses, cows, and other graminivorous 
animals. It is best prepared by evaporating in a w:ater-bath perfectly fresh 
oow'urine to about a tenth of its volume, filtering from the deposit, and then 
mixing the liquid with excess of hydrochloric acid. The brown crystalline 
mass which separates on cooling is dissolved in boiling water, and treated 
with a stream of chlorine gas until the liquid assumes a light amber color, 
and begins to exhale the odor of that substance; it is then filtered, and leH 
to cool. The still impure acid is re^lissolved in water, neutralized with car^ 
bonate of soda, and boiled for a short time with animal charcoal ; the hot 
filtered solution is, lastly, decomposed by hydrochloric acid. 

Hippuric acid in a pure state crystallizes in long, slender, milk-white, and 
exceedingly frangible square prisms, which have a slight bitter taste, fused on 
the application of heat, and require for solution about 400 partsof cold water; 
it also dissolves in hot alcohol. It has an acid reaction, and forms salts Mrith 
bases, many of which are crystallizable. Exposed to a high temperature, 
hippuric acid undergoes decomposition, yielding benzoic acid, benzoate of am- 

* Laurent, Ann. Chim. et Pliys., lix. p. 397; also Liebig, in Geiger's Pharmacie, i. p. OSOi 
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inoiUB, and a fragrant oilj matter, and a coaly residue. With hoi oil oPviUiol, 
it gives off benzoic acid. Hippuric acid contains C„HsN05+ HO." 

U, in tbe piepatation of this subslance, the urine be in itie slightest de^es 
putrid, the bippuric acid is all destioyed during the evaporation, anunonia is 
disengaged in largo quantity, and the liquid is (ben found to yield nothing but 
benzoic acid, not a trace of whijh can be discovered in tbe uimltered secre- 
tion. Complete putrefaction effects tbe same change ; ber;zoic acid might be 
thus procured to almost any eitent 

When benzoic acid is taken internally, it is rejected from the syBtam in iha 
Stale of tiippuric add, which is then found in Ibe urine. 



Saucihs. — The leaves and young beik of the poplar, willow, and several 
odier trees, contain a peculiar crysQllizable, Wtler pritieiple, called laHrint, 
which in some respects resamblea the vegeb^alkalia cinchonia and quina, 
having febrifuge properties. It differs esaenlially, however, from these bodies 
in being destitute of nitrc^en, and in not forming salts with acids. SaUcino 
may be prepared by exhausting the bark with boiling water, concentrating 
(lie solution to a small bulk, digesting (be liquid with powdered oxide of lead, 
and then, after freeing the solution from lead by a stream of sulphuretted hy- 
drogen gas, evaporating until the salicine crystallizes out on cooling. It is 
purified by treatment with animal charcoal, and re-crystal lizetion. 

Salicine forms small white, silky needles, of intensely bitter taste, which 
have no alkaline reaction. It melts and decomposes by heat, burning with 
bright flame, and leaving a residue of charcoal. Il is soluble in 5-6 parts of 
cold water, and in a much smaller quantity when boiling hot Oil of vitriol 
colors it deep red. This substance is found on analysis to contain C,,HuO[|. 

When salicine is distilled with a mixture of bichromate of potash and sul- 
phuric acid, il yields, among other products, a yellow, sweet-scenied oil, tnhich 
iM found to bt idfTtiicai wilh the voiaiile oil dvCilled from th£ Jtovtrt of the fptrtfa 
nbttaria, or common miadoumaet. This substance appears to be the hydrurel 
of a compound salt- radical, talxcyh, containing C,^H,0, ; it has the properties 
of a hydrogen scid.t 



Salicyle (symb. SI) 
Hydrosalicylio acid 
Salicylurel of po 
Iodide of salicyle 
Bromide of salicylf 
Salicylic acid 






S1H.— One 



part of salicine is dissolved in 10 of water, and mixed in a retort with 2} 
paru of oil of vitriol diluted with 10 parts of water ; gentle beet is applied, 
and, after tbe cessation of the eflervescence first produced, tbe mixture is 
distilled. The yelkiw oily product is separated from the water, and purified 
by lectiflcstion ftom chloride of calcium. It is thin, colorless, and transparent, 

■ M. StHiigne* hu obaerred tliBl, Dnder Ihs inflnencg of the Mron; acldii.hippuria 
•old is converted inlobenloic Hid, wbich is Ht free, and mirror gelatin which Dotiei 
tha acid employed- Tfaij decoinpotjtion may be Ihui represented : 

t Firia, Ana. Oiini. el PhyL, Ixii. p. SSI. 
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but ac(ftiires a red tint by exposure to the air. Water dissolves a sensible 
quantity of this substance, acquiring the odor of the oil, and the characteristic 
property of striking a deep violet color with a salt of peroxide of iron. Alco- 
hol and ether dissolve it in all proportions. It has a density of 1*173, and 
boils at 385^, when heated alone. Hydrosalicylic acid decomposes the alka- 
line carbonates even in the cold ; it is acted upon with great energy by chlo- 
rine and bromine. By analysis it is found to contain Cj^H^O^, or the same 
elements as crystallized benzoic acid, and the density of its vapor is also the 
same, being 4*276. 

Salictlubst of POTASsitm. KSL-T^This compound is easily prepared by 
mixing the oil with a strong solution of caustic potash ; it separates, on agi- 
tation, as a yellow crystalline mass, which may be pressed between folds of 
blotting-paper, and re-crystalUzed from alcohoL It forms large, square, golden- 
yellow tables, which have a gresasy feel, and dissolve very easily both in 
water and alcohol; the solution has an alkaline reaction. When quite dry, 
the crystals are permanent in the air ; but in a humid state they soon become 
greenish and eventually change to a black, soot-like substance, insoluble in 
water, but dissolved by spirit and by solution of alkali, called melanic ttcid. 
Acetate of x>otash is formed at the same time. Melanic acid contains C^fifi^, 
The crystals of salicyluret of potassium contain water, which cannot be ex- 
pelled without partial decomposition of the salt 

SalictiiUiist of axkoh^iuMjNH^ si, crystallizes in yellow needles, which 
are quickly destroyed with production of ammonia and the hydruret SaKcy- 
luret of barium, BafCi^H^O^Hh^HO, forms fine yellow acicular crystals, which 
are but slightly soluble in the cold. SaJiofluret of copper is a green insoluble 
powder, containing Cu,Cj^H.O^. 

SalictiiIC acid. SlO. — ^The oxygen compound is obtained by heating hy- 
druret of salicyle with excess of solid hydrate of potash; the mixture is at 
first brown, but afterwards becomes colorless; hydrogen gas is disengaged 
during the reaction. On dissolving the melted mass in water, and adding a 
slight excess of hydrochloric acid, the salicylic acid separates in crystals, 
which are purified by re-solution in hot water. This substance very much 
resembles benzoic acid ; it is very feebly soluble in cold water, is dissolved 
in large quantities by alcohol and ether, and may be sublimed with the ut- 
most ease. It is charred and decomposed by hot oil of vitriol, and attacked 
with, great violence by strong heated nitric Eu;id. Salicylic acid contains 
C,AO,H4-HO. 

CHLomiDx OF SALIC TLK. SlCl. — ^Chloriue acts very strongly upon the hy- 
druret of salicyle ; the liquid becomes heated and disengages large quantities 
of hydrochloric add. The product is a slightly yellowish crystalline mass, 
which, when dissolved in hot alcohol, yields colorless tabular crystals of pure 
chloride, having a pearly lustre. Chloride of salicyle is insoluble in water; 
it dissolves freely in alcohol, ether, and solutions of the fixed alkalis ; from 
the latter it is precipitated unaltered by the addition of an add, differing much 
in this respect from chloride of benzoyle. It is not even decomposed by long 
ebullition witli a concentrated solution of caustic potash. Heated in a retort, 
it melts and volatilizes, condensing in the cool part of the vessel in long, 
snow-white needles. The odor of this substance is peculiar and by no means 
agreeable, and its taste is hot and pungent 

Chloride of salicyle combines directly with metallic oxides; with potash it 
forms small red crystalline scales, very soluble in water. The corresponding 
compound. of baryta, prepared from the foregoing by double decomposition, 
is an insoluble, crystalline, yellow powder,*containing C|4Hg04Ci-j-BaO. 

Broxids of salictlb.— SlBr. — ^The bromide is prepared by the direct ac- 
tion of bromide on the hydruret of salicyle; it crystallizes in small colorless 
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needles, and very closely resembles in properties the chloride. The bydruret 
of salicyle dissolves a large quantity of iodine, acquiring thereby a brown 
colour, but forming no combination ; the iodide may, however, be procured, 
by distilling iodide of potassium with chloride of salicyle. It sublimes as a 
blackish-brown fusible mass. 

Chlobosamidb.-— The action of dry ammoniac^l gas on pure, chloride of 
salicyle is very remarkable; the gas is absorbed in large quantity, and a solid 
yellow, resinous-looking compound produced, which dissolves in boiling ether, 
and separates as the solution cools in fine yellow iridescent crystals ; this, and 
a little water are the only -products, not a trace of sal-ammoniac can be de- 
tected. Chlorosamide is nearly insoluble in water ; it dissolves without change 
in ether, and in absolute alcohol; with hot rectified spirit it is partially decom- 
posed, with disengagement of ammonia. Soiled with an acid, it yields an 
ammoniacal salt of the acid, and chloride of salicyle ; with an alkali, on the 
other hand, it gives free ammonia, while chloride of salicyle remains dissolved. 
Chlorosamide contains C^2^^^}!Jfifi]^; it is formed by the addition of 2 eq. 
of ammonia to 3 eq. of chloride of salicyle, and the subsequent separation of 
6 eq. of water. A corresponding and very similar substance, bromotamidey is 
formed by the action of ammonia on the bromide of salicyle. 

Phlobibziits. — ^This is a substance bearing a great likeness to saUcine, 
found in the root-rind of the apple and cherry-tree, and extracted by boiling 
alcohol. It forms fine, colorless, silky needles, soluble in 1,000 parts of cold 
water, but freely dissolved by that liquid when hot; it is also soluble without 
difficulty in alcohoL It contains CjiHigQij. 

CIBTTAICTXE, AKD ITS COMPOUNDS. 

The essential oil of cizmamon seems to possess a constitution analogous to 
that of bitter-almond oil; it pcisses by oxidation into a volatile acid, the cin' 
namiCf which resembles in the closest maimer benzoic acid. The supposed 
radical bears the name of cinnamyle; it has not been isolated. 

Tcible of CmnamyU-compowndt, 

Cinnamyle, symbol Ci CigH^Og 

Hydruret of cinnamyle; oil of cinhamon . CigH^Oj+H 

Oxide of cinnamyle ; ciimamic acid . . CjgH^Oj-f-O 

Chloride of cinnamyle . . . . C^fifig'\'C\ 

Htdbubbt of ciinrAMTLS ; oil of cistbaxost. CiH.--<-Cinnamon of excellent 
quality is crushed, infused twelve hours in a saturated solution of common 
salt, and then the whole subjected to rapid distillation. Water passes over, 
milky from essential oil, which after a time separates. It is collected and 
left for a short time in opntact with chloride of calcium. This fragrant and 
costly substance has, like most of the volatile oils, a certain degree of solu- 
bility in water; it is heavier than that liquid, and sinks to the bottom of the 
receiver in which the distilled products have been collected. It contains, 
according to M. Dumas, CjgHgOj. 

CiBBAKic ACID. ClO. — ^Wheu pure oil of cinnamon is exposed to the air, 
or enclosed in a jar of oxygen, it is quickly converted by absorption of the 
gas into a mass of white crystalline matter, which is hydrated cinnamic acid ; 
this is the only product Cinnamic acid is found in Peruvian and Tolu bal- 
sams, associated with benzoic acid, and certain oily and resinous substances ; 
it may be procured by the following process in great abundance, and in a 
state of perfect purity. Old, hard Tolu balsam is reduced to powder and 
intimately mixed with an equal weight of hydrate of lime ; this mixture is 
23 
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boiled for some time in a large quantity of water, and filtered hot On cool- 
ing, cinnamate of lime crystallizes out, while benzoate of lime remains in 
solution. The impure salt is redissolved in boiling water, digested with 
animal charcoal, and, after filtration, suffered to crystallize. The crystals 
are drained and pressed, once more dissolved in hot water, and an excess of 
hydrochloric acid being added, the whole is allowed to cool ; the pure ciima- 
mic acid separates in small plates or needle*formed crystals of perfect white- 
ness. From the original mother-liquor much benzoic acid can be procured. 

The crystals of cinnamic acid are smaller and less distinct than those of 
benzoic acid, which in most respects it very closely resembles. It melts at 
248^, and enters into ebullition and distils without change at 560^; the 
vapor is pungent and irritating. Cinnamic acid is much less soluble, both 
in hot and cold water, than benzoic ; a hot saturated solution becomes on cool- 
ing a sofl-solid mass of small nacreous ciystals. It dissolves with perfect ease 
in alcohol. Boiling nitric acid decomposes cinnamic acid with great energy, 
and with production of copious red fumes; a small quantity of a volatile oily 
liquid, having the odor of bitter-almond oil, distils over, and a little benzsoic 
acid remains in the retort in which the experiment is made. When ciimaiiiic 
acid is heated in a retort with a mi^Cture of strong solution of bichromate of 
potash and oil of vitriol, it is almost instantly converted into benzoic add, 
which afterwards distils over with the vapor of Water : the odor of bitter- 
almond oil is at the same time very perceptible. The action of chlorine is 
different ; no benzoic acid is formed, but other products, which have been as 
yet imperfectly studied. 

Cinnamic acid forms with bases a variety of salts which are very similar 
to the benzoates. The crystallized acid contains Cj^Hi^Oj-j-HO. 

CHLono-ciNirosE. — ^This is the ultimate product of the action of chlorine on 
oil of cinnamon by the aid of heat When purified by crystallization from 
alcohol, it forms brilliant, colorless needles, fusible, and susceptible of vola- 
tilization without change. It is not affected by boiling oil of vitriol, and may 
be distilled without decomposition in a current of ammoniacal gsis. Chloro- 
cinnose contains CjgH^Cl^Oj ; it is formed by the substitution in the oil of 
cinnamon of 4 eq. of dilorinte for 4 eq. of hydrogen. The true chloride of 
cinnamyle^ Ci Cl, seems to be first formed in considerable quantity, and sub- 
sequently decomposed by the continued action of the chlorine j it has not been 
separated in a pure i^ate ; it appears as a very thin, fiuid oil, convertible into 
a crystalline mass by strong solution of potash. 

When cinnamon-oil is treated with hot nitric acid, it undergoes decomposi- 
tion, being converted into hydruret of benzoyle and benzoic acid. With a 
boiling solution of chloride of lime, the same thing happens, a benzoate of 
the base being generated. If the oil be heated with solution of caustic potash 
it remains unaffected; with the solid hydrate, however, it disengages pure 
hydrogen, and forms a potash-salt, which appears to be the cinnamate. When 
brought into contact with cold concentrated nitric acid, a crystalline, yellow- 
ish, scaly compound is obtained, which is decomposed by water with separa- 
tion of the oil. With ammonia, a solid substance is produced, which also 
appears to be a direct compound of the two bodies. 

Two varieties of oil of cinnamon are met with in commerce of very un- 
equal value, viz., that of China, and that of Ceylon ; the former being con- 
sidered the best; both are, however, evidently impure. The pure oil maybe 
extracted from them by an addition of cold, strong nitric acid: the crystalline 
matter which forms after the lapse of a few hours, separated and decomposed 
by water, yields pure hydruret of cinnamyle.* 

* MM. Dumas and P^Iigot, Ann. Chim. et Phys., Ivii. p. 306. 



CINNAHnJE, ASD ITS COMPOUNDS. S55 

There can be no doubt that the dnnamic acid in Tolu and Peru balsams is 
gradually formed by the oxidation of an oily matter very closely related to the 
volatile oil of cinnamon. When these balsams are first impforted they are 
nearly fluid, but gradually acquire consistence by keeping. M. Fr6my suc- 
ceeded in separating from these substauces, by the aid of an alcoholic solution 
of potash, an oil, which could not be distilled without partial decomposition, 
and which, by the action of hydrate of potash, became in great part converted 
into cinnamic acid. This substance, called by Fr6my cumameine, camiot be 
looked upon as a pure hydruret of cinnamyle, although it probably contains 
the latter; its composition is very uncertain. Cinnameine, artificially cooled, 
was sometimes found to deposit a solid crystalline substEince, which had ex- 
actly the composition of pure oil of dnnamon, CjgHgOj, and was converted by 
caustic potash into cinnamic add; it received the name of metadmnameine,^ 

* Fr^my, Ann. (%iin. et Phyt., Izz. p. 190. 
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SECTION III. 

TEGETABLE ACIDS. 



Tbb T^femble acidi constitute a very natural and importaiit ftimily or gmnp 
of compoundB, many of which enjoy the property of acidity, i. t^ acid reaclioQ 
to litmua paper, and power of Jbrtniog stable, nentraJ, and often crystallizable 
compomuls with bases, to an extent cranpaisble with that of the mineral acids. 
Smne of these bodies are very widely difliiBed through the vegeiabla kingdom; 
others are of much more limited oocurrence, being found in some Ibw paitku- 
lar plants only, and very frequently in oanftdnatioD with organic alkaline bases. 
Many of the vegetable acids are polybaaic ; and it is remarkable that in the 
new products, or pyroacids, to which they often give rise tmdei the infltienca 
of heat, this obaracter ie usually lost. 

The particular acids now to be describHd are for the most part of eitansiTS 
and genersi occurreoca; mention will be made of some of the laier ones in 
connexion with their respective sources. 

Table of vegdablt acidt. 

Tartaric acid 

Racemic acid 

Citric acid 

Aconitic, or equisetic acid 

Malic acid 

Fumaric acid 

Tannic acid 

Gallic acid 

TliTuiic loiD. — This is the acid of grapes, of tamarinds, of the pine^pple^ 
and of several other fruits, in which it occurs in the slate of acid potBSb.salt; 
tartrate of Ume is also occasionally, met with. The tartaric add of commerce 
is wholly prepared from the tartar or argol, an impure acid tartrate of pota^ 
deposited from wine, or rather grape-juice, in the act of fermentation. This 
substance is purified by solution in hot water, the use of a little pipe-clay, and 
animal charcoal to remove the coloriog^natter of the wine, arid subsequent 
crystallization; it then constitutes cnamof tartar,aiid serves for the preparation 
of the acid. The salt is dissolved in boilingWBter,tindpowdered(j]Blk added 
as long as effervescence is excited, or thoUquid exhibits an acid reaction ; tar- 
trate of lime and neutral taittala of potash result; the latter is separated from 
the farmer, which is insoluble, by filtration. The solution of tartrate of potash 
is then mixed with eicess of chloride of calcium, which throws down all the 
remaining acid in the ibrm of lime^alt; this is washed, added to thefoimer 
portion, and then the whole digested with a sufficient quantity of dilute sul- 
phuric acid to withdraw the base and liberate the organic acid. The filtered 
solution is cantiously evaporated to a sirupy conaslenoe, and placed to crystal- 
lize in a warm situation. 

Tartaric add foims colorless, tmnsparent crystals, often of large size, which 
have the figure of en oblique rhombic prism more (n less modified ; these are 
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permanent in the air, and inodorous; they dissolve with great facility in 
water, both hot and cold, and are also soluble in alcohol. The solution red- 
dens litmus strongly, and has a pure, clean, acid taste. The aqueous solution 
is gradually spoiled by keeping. Tartaric acid is bibasic; the crystals con- 
tain CgH^O|o-|-2HO. This substance is consiuned in large quantities by the 
calico-printer, being employed to evolve chlorine from solution of bleachii^- 
powder in the production of white or discharged patterns upon a colored ground. 

Tabtbatss of potash. Neutral tartbatb ; soluble tabtab. 2E0, 
C^H^OjQ. — ^The neutral salt may be procured by neutralizing cream of tartar 
with cludk, as in the preparation of the acid, or by adding carbonate of potash 
to cream of tartar to saturation; it is very soluble, and crystallizes with diffi- 
culty in right rhombic prisms, which are permanent in the air and have a 
bitter, saline taste. 

Acid ta;btbatb ot potash; cbeax of tabtab. KOtHO fi^fi^Q. — ^The 
origin and mode of preparation of this substance have been already describ- 
ed. It forms small transparent or translucent prismatic crystals, irregularly 
grouped together, which grit between the teeth. It dissolves pretty freely in 
boiling water, but the greater part separates as the solution cools, leaving 
about j^jth or less, dissolved in the cold liquid. The salt has an acid reac- 
tion, and a sour taste. When exposed to heat in a close vessel, it is decom- 
posed with evolution of inflammable gas, leaving a mixture of finely-divided 
charcoal and pure carbonate of potash, from which the latter maybe extracted 
by water. Cream of tartar is almost always produced when tartaric acid in 
excess is added to a moderately strong solution of a potash-salt, and the whole 
agitated. 

Tabtbates of soda. — ^Two compounds of tartaric acid with soda are known ; 
a neutral saU, 2NaO,C8H40,o-f 4H0, and an add taU, NaO,HO,C8H40,o+2HO. 
Both are easily soluble in water, and crystallize* Tartaric acid and bicarbo- 
nate of soda form the ordinary effervescing draughts, 

TaBTBATE of potash AlTD SODA; BOCHELLS OB SSIOITETTE SALT. KO,NaO, 

CgH40,o-|-10HO. — This beautiiiil salt is made. by neutralizing with carbonate 
of soda a hot solution of cream of tartar, and evaporating to the consistence 
of thin sirup. It separates in large, transparent, prismatic crystals, the faces 
of which are unequally developed ; these effloresce slightly in the air, and 
dissolve in 1} parts of cold water. Acids precipitate cream of tartar from 
the solution. Rochelle salt has a mild saline taste, and is used as a purga- 
tive. 

Tabtbatss of AXV0KiA.»-The neutral tartrate is a soluble and efflorescent 
salt, contaming 2NUfifi^fiiQ+2HO, The acid tartrate, NKftiBO.CJSfi^^ 
closely resembles ordinary cream of tartar. A salt corresponding to Hochelle 
salt also exists, having oxide of ammonium in place of soda. 

The tartrates of line, baryta^ strontia, magnesia, and of the oxides of most 
of the metals proper, are insoluble, or nearly so, in water. 

[Tabtbats of potash and psboxide of iboh. FcjOg, KO,CgH40io. — ^This is 
obteuned by dissolving hydrated peroxide of iron in a boiling solution of cream 
of tartar. It does not crystallize, but exists as a daxk-eolored mass, or in gar- 
net-red translucent scales, of a sweetish astringent taste, soluble in 4 parts of 
water, scarcely soluble in alcohol. The iron exists in this compound in such 
a condition, that it is not precipitated by potash, soda, ammonia in the cold, 
or by ferrocyanide of potassium, unless an acid be previously added. It is 
decomposed by heat of 260®, and at a red heat, the iron is revived.— R. B.] 

TaBTBATB of AKTIXOITT AKD POTASH, OB TABTAB EMETIC* — ^Thls IS easily 

made by boiling oxide of antimony in solution of cream of tartar ; it is depo« 
sited firom a hot and concentrated solution in crystals derived from an octahe- 
dron with rhombic base, which dissolve without decomposition in 15 parts of 
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cold, and in 3 of boiling water, and have an acrid and extremely disagreeable 
metallic taste. The solution is incompatible with, and decomposed by, both 
acids and alkalis; the former throw down a mixture of cream of tartar and 
oxide of antimony, and the latter, the oxide, which is again dissolved by great 
excess of the reag^it. Sulphuretted hydrogen separates all the antimony in 
the state of sulphuret Heated in -a dry state on charcoal before the bloW" 
pipe, it yields a globule of metallic antimony. The ciystals contain EO,SbO* 
C,H,0,o+2HO. 



A solution of tartaric acid dissolves hydrated peroxidiB of iron in large 
quantity, forming a brown liquid which has an acid reaction, and dries up by 
gentle heat to a brown, transparent, glassy substance, destitute of all traces 
of crystallization. It is very soluble in water, and the solution is not preci- 
pitated by alkalis, fixed or volatile. Indeed, tartaric acid added in sufficient 
quantity to a solution of peroxide salt of iron or alumina, entirely prevents the 
precipitation of the bases by excess of ammonia. Tartrate and ammoniacal 
tartrate of iron are used in medicine, these compounds having a less disagree- 
able taste than most of the iron preparations. 

Solution of tartaric acid gives white precipitates with lime and barjrta-water 
and with acetate of lead, which dissolve in excess of the acid ; witii neutral 
salts of lime and baiyta no change is produced. The efiect on solutions of 
potash-salts has been already noticed. 



AcTidir or hbat of tartakic Acm.-^When crystallized tartaric acid is 
exposed to a temperature of 400® or thereabouts, it melts, lotos water, and 
passes through three difierent modifications, called in succession tafiraiic, tar* 
trelic^ and ankydrout tartaric add. The first two are soluble in water, and 
form salts which have properties completely different from those of ordinary 
tartaric acid. The third substance, or anhydrous acid, is a white insoluble 
powder. All three, in contact with water, slowly pass into conimon tartaric 
acid. Their composition is thus expressed >^ 

Ordinary ttirtarid acid .... C8H40«,-|-2HO 

Tartralic acid 2CgH40,Q-h3HO 

TartreUcacid ...... CgH^Ojo-fHO 

Anhydrous tartaric acid .... CgH^OjQ 

The analogy borne by these bodies to the several modifications of phospho- 
ric acid will be at once evident.* 

Ptbotabtabtc AciD.^-*When crystallized tartaric acid is subjected to de- 
structive distillation, a heavy acid liquid containing this substance passes over, 
accompanied by a large quantity of carbonic acid; in the retort is left a semi- 
fluid black mass, which, by further heating, gives combustible gases, an emp3nr6u- 
matic oil, and a residue of charcoal. The distilled product exhales a powerful 
odor of acetic acid, and is with great difficulty purified. Pyrotartaric acid 
fbrms a serieis of salts, and an ether ; it is supposed to contain CgHgOg-f-HO. 
A second pyro«cid sometimes separates in crystals fbom the preceding com- 
pound, and inay be obtained in larger quantity.by thd distroctive distillation 
of cream of tartar; it is composed of CgHgO^+HO. 

Ragbmic acid; PABATABfABic AciD.^ — The grapes cultivated in certldn 
districts of the Upper Rhine, and also in the Yosges, in France^ contain, in 
association with tartaric acid, another and peculiar acid body, to which the 

• Fr^my, Ann. Chim. et Phys., Ixvili. p. 353, 
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term raeemie acid is given; it is rather less soluble than tartaric acid, and 
separates first from the solution of that substance. Between these two acids, 
however, the greatest possible resemblance exists ; they have exactly the same 
composition, and yield, when exposed to heat, the same products ; the salts of 
xacemic acid correspond also, in the closest manner, with the tartrates. A 
solution of this acid precipitates a neutral salt of lime, which is not the case 
with tartaric acid. 

CiTBic ACID. — Citric add is obtained in large quantity from the juice of 
limes and lemons ; it is found in many other fruits, as in gooseberries, currants, 
&c., in conjunction with another acid, the malic. In the preparation of this 
acid, the juice is allowed to ferment a short time, in order that mucilage, and 
other impurities may separate and subside; the clear liquor is then carefully 
saturated with chalk, which forms, with the citric acid, an insoluble compound. 
This is thoroughly washed, decomposed by the proper quantity of sulphuric 
acid, diluted with water, and the filtered solution evaporated to a small bulk, 
and left to crystallize. The product is drained from the mother-liquor, re- 
dissolved, digested with animal charcoal, and again concentrated to the crys- 
tallizing-point. Citric acid forms colorless, prismatic crystals, which have a 
pure, and agreeable acid taste; they dissolve, with great ease, in both hot and 
cold water; the solution strongly reiddens litmus, and, when long kept, is sub- 
ject to spontaneous change. 

Citric acid is tHbasic; its formula in the gently dried and anhydrous silver* 
ealt is, CjjHgOj,. The hydrated acid crystallizes with two difierent quantities 
of water, assuming two difierent forms. The crystals, which separate by 
spontaneous evaporation, from a cold saturated solution, contain CjjH^Ojj , 
3HO4-2HO. the last being water of crystallization; while, on the other hand, 
those which are deposited from a hot solution contain but 4 equivalents of 
water altogether, three of which are basic Citric acid is entirely decomposed 
"when heated with sulphuric and nitric acids; the latter converts it into oxalic 
acid. Caustic potash, at a high temperature, resolves it into acetic and oxalic 
acids. 

The citrates are very numerous, the acid forming like ordinary phosphoric 
acid, three classes of salts, which contain respectively 3 eq. of a metallic oxide, 
2 eq. of oxide and 1 eq. of basic water, and 1 eq. oxide and 2 eq. basic water, 
besides true sub-salts, ia which the water of crystallization is, perhaps, replaced 
by a metallic oxide. 

The citrates of the alkalis are soluble and crystallizable with greater or less 
facility; those of baryta, strontioy Ume, lead, and tUver, are insoluble. 

Citric add resembles tartaric acid in its relations to peroxide of iron ; it pre- 
vents the predpitation of that substance by excess of ammonia. The citrate, 
obtained by dissolving the hydrated oxide in solution of citric acid, dries up to 
a pale brown, transparent, amorphous meiss, which is not very soluble in 
ivater ; an addition of ammonia increases the solubility. Citrate and ammonio- 
dtrate of iron are elegant medicinal preparations. Very little is known respect- 
ing the cc»iiposition of these curious compounds; the absence of crystallization 
is a great bar to inquiry. 

Citric acid is sometimes adulterated with tartaric ; the fraud is easily detected 
by dissolving the acid in a little cold water, and adding to the solution a small 
quantity of acetate of potash. If tartaric acid be present, a white, crystalline 
precipitate of cream of tartar will be produced on agitation. 

Agovitic 09 xaviBSTiG ACID. — ^Wheu crystallized citric acid is heated in a 
retort until it begins to become colored, and to undergo decomposition, and the 
iused, glassy product, after cooling, dissolved in water, an aeid is obtained, 
difiering completely in properties from- citric acid, but identical with an add 
extracted from the acomtum ntgpelhu, and the equisetum fluvieUHe. Aconitic add 



860 VEGETABLE ACIDS. 

forms a white, oonfU8edl7*cr]r8taliine mass, permanent in the air, and yery 
soluble in water, alcohol, and ether; the solution has an acid and astriageht 
taste. The salts of aconitic acid possesses but little interest; that of baryta 
forms an insoluble gelatinous mass ; cxonitaJU of hme^ which has a certain; de> 
gree of solubility, is found abundantly in the expressed juice of the monkshood, 
and cuxmitate of magnesia in that of the equisetum. 

Hydrated aconitic acid contains C^HOg-^-HO; it is formed in the artificial 
process above described, by the breaking up of 1 eq. of hydrated citric acid, 
Ci2HgO|4, into 5 eq. of water, and 3 eq. of aconitic acid. 

Malic acid.— This is the acid of apples, pears, and various other fruits ; it 
is oAen associated, as already observed, wi^ citric acid. The best process for 
preparing the acid in question is that of Mr. Everitt, who has demonstrated 
its existence, in great quantity, in the juice of the common garden rhubarb; it 
is accompanied by acid oxalate of potash. The rhubarb stalks are peeled, and 
ground or grated to pulp, which is subjected to pressure. The juice is heated 
to the boiling'point, neutralized with carbonate of potash, and mixed with 
acetate of lime ; insoluble oxalate of lime &Us, which is removed by filtration. 
To the clear and nearly colorless liquid, solution of acetate of lead is added as 
long as a precipitate continues to be produced. The malate of lead is collected 
on a filter, washed, difiiised through water, and decomposed by sulphuretted 
hydrogen.* The filtered liquid is carefully evaporated to the consistence of 
sirup, and left in a dry atmosphere until it becomes converted into a solid 
and somewhat crystalline mass of malic acid ; regular crystals have not been 
obtained. 

Malic acid is colorless, slightly deliquescent, and very soluble in water; 
alcohol also dissolves it. The aqueous solution has an agreeable acid taste ; it 
becomes mouldy, and spoils by keeping. The acid is bibasic, its formula being 
CgH40g4*2HO ; it forms a variety of salts, some of which are neutral, others 
acid. The most characteristic of these are the acid malaU of ammtmiay NH4O, 
HO , CgH^Og, which crystallizes remarkably well, and the malate of lead, which 
is insoluble in pure water, but dissolves, to a considerable extent, in warm 
dilute acid of any kind, and separates, on cooling, in brilliant silvery crystals, 
which contain water. The acid may, by this feamre, be distinguished. The 
aad malate of Hmej CaO , HO , CgH40g-|-6HO, is also a very beautifiil salt, of 
free solubility in warm water. It is prepared by dissolving the sparingly* 
soluble neutral malate of lime in hot dilute nitric acid, and leaving the solution 
to cool. 

FuxABic AiTD MALSic ACID. — If malic acid be heated in a small retort, 
nearly filled, it melts, emits water, and enters into ebullition; a volatile acid 
passes over/which dissolves in the water of the recipient After a time, small, 
solid, crystalline scales make their appearance in the boiling liquid, and in- 
crease in quantity, until the whole becomes soUd. The process may now be 
interrupted, and die contents of the retort, after cooling, treated with cold water; 
unaltered malic acid is dissolved out, and the new substance, having a smaller 
degree of solubility, is left behind; it is called /umoric acid fh>m its identity 
with an acid extracted from the common fumitory. 

Fumaric aoid forms small, white, crystalline laminae, which dissolve freely 
in hot water and alcohol, but require for that purpose about 200 parts of cold 
water; it is unchanged by hot nitric acid. When heated in a current of air, it 
sublimes, but in a retort, undergoes decomposition. This is a phenomenon 
often observed in organic bodies of small volatility. Fumaric add forms salts, 

* If the ftcid be required pure, crystallized malate of lead, prepared as below, most be 
used, the freshly-precipitated salt invariiAly carrying down a quanilty of lime, which 
cazmot be removed by simple washing. 
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which have been recently examined by M. Rieckher, and an ether, which, by 
the action of ammonia, yields a white amorphous, insoluble powder, called 
fumaride, which corresponds in properties and constitution with oxamide. 
Hydrated fumaric acid contains C^HOg-l-HO', hence it is isomeric with aoonitic 
acid. 

The volatile acid produced simultaneously with the fumaric acid is called 
maldc acid ; it may be obtained in crystals by evaporation in a warm pl^ce. 
It is very soluble in water, alcohol, and ether ; it has a strong acid taste and 
reaction, and is convertible by heat into fumaric acid. Hydrated maleic acid 
contains CgH^Og-f-QHO. Maleic and fumaric acids are thus seen to have 
precisely the same composition ; they are formed by the separation of two eq. 
of water from hydrated malic acid. 

Taitbic and gallic acids. — These are substances in which the acid 
character is much less strongly marked than in the preceding bodies ; they 
constitute the astringent principles of plants, and are widely diffused, in one 
form or other, through the vegetable kingdom. It is possible that there may 
be several distinct modifications of tannic acid which differ among themselves 
in soxhe particulars. The astringent principle of oak-bark and nut-galls, for 
example, is found to precipitate per-salts of iron bluish-black, while that from 
the leaves of the sumach and tea-plant, as well as infusions of the substances 
known in commerce under the names of kino and co^ecAu, are remarkable for 
giving, imder similar circumstances, precipitates which have a tint of green. 
The color of a precipitate is, however, too much influenced by external causes 
to be relied upon as a proof of essential difference. Unfortunately, the tannic 
acid or acids refuse to crystallize; one most valuable test of individuality is 
therefore lost 

After the reaction with per-salt of iron, the most characteristic feature of 
tannic acid and the other astringent infusions referred to, is that of forming 
insoluble compounds with a great variety of organic, and espe- 
cially animal, substances, as solutions of starch and gelatine, Fig. 163. 
fiolid muscular fibre and skin, &c., which then acquire the pro- 
perty of resisting putrefaction ; it is on this principle that leather 
is manufactured. Gallic acid, on the contrary, is useless in the 
operation of tanning. 

Tamdc ticid of the oak. — ^This substance may be prepared 
from nut galls, which are excrescences produced on the leaves 
of a species of oak, the quercus infectoriOj by the puncture of an 
insect, by the elegant and happy method of M. Pelouze. A glass 
vessel, having somewhat the figure of that represented in the 
margin, is loosely stopped at its lower extremity by a bit of 
cotton wool, and half or two-thirds filled with powdered Aleppo- 
galls. Ether, prepared in the usual manner by rectification, and 
oontBining, as it invariably does, a Httle water, is then poured 
Upon the powder, and the vessel loosely stopped. The liquid, 
which after some time collects in the receiver below, consists 
of two distinct strata; the lowest, which is almost colorless, is 
a very strong solution of nearly pure tannic acid in water ; the 
upper, consists of ether holding in solution gallic acid, coloring 
matter, and other impurities. The carefiilly*separated heavy 
liquid is placed to evaporate over a surface of oil of vitriol in the ^ 
vacuum of the air-pump. Tannic acid, or tannin, thus obtained, m. i 
forms a sUghtly yellowish, friable, porous mass, without the 
slightest tendency to crystallization. It is very soluble in water, 
less so in alcohol, and very slightly soluble in ether. It reddens 
litmus, and possesses a pure astringent taste without bitterness. 
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A strong solution of this substance mixed with mineral acids gives rise to 
precipitates, which consist of combinations of the tannic acid with the acids 
in question ; these compounds are freely soluble in pure water, but scarcely so 
in acid solutions. Tannic acid precipitates albumen, gelatine, salts of the 
vegeto-alkalis, and several other substances; it forms soluble compounds with 
the alkalis, which, if excess of base be present, rapidly attract oxygen and 
become brown by destruction of the acid ; the tannates of baryta, gtrorUtOj and 
Ume, are sparingly soluble, and those of ^e oxides of lead and antimony, inso> 
luble. Pioto-salt of iron is unchanged by solution of tannic acid ; per-salt, on 
the contrary, gives with it a deep bluish-black precipitate which is the basis 
of writing-ink ; hence the value of an infusion of tincture of nut-galls as a 
test for the presence of that metal. 

Tannic acid, carefully dried, contains CjgHj{Og4-3HO. 

Tannic acid, closely resembling that obtained from galls, may be extracted 
by cold water &om catechu ; hot water dissolves out a substance having feeble 
acid properties, termed catechin. This latter compound, when pure, crystal- 
lizes in fine colorless needles, which melt when heated, and dissolve very 
freely in boiling water, but scarcely at all in the cold. Catechin dissolves 
also in hot alcohol and ether. The aqueous solution acquires a red tint by 
exposure to air, and precipitates acetate of lead and corrosive sublimate white, 
reduces nitrate of silver on the addition of ammonia, but fails to form insolu- 
ble compounds with gelatine, starch and the vegeto-alkalis. It strikes a deep 
green color with peroxide-salt of iron. This body is said to be convertible by 
heat into tannic acid. 

The formula which has been assigned to catechin is C^^Ufi^. 

Japonic and rubinic acids are formed by the action of alkali in excess upon 
catechin ; the first in the caustic condition, and the pecond when in the state 
of carbonate. Japonic acid is a black and nearly insoluble substance, soluble 
in alkalis and precipitated by acids, containing Cg^HgOg-f-HO; it is, perhaps, 
identical with a black substance of acid .properties formed by M. P^ligot by 
heating grape-sugar with hydrate of baryta. Kubinic acid has been but little 
studied ; it is said to form red insoluble compounds with the earths and certain 
oxides of the metals. 

Gai^lio acid. — Gallic acid is not nearly so abundant as tannic acid; it seems 
to be produced by an alteration of the latter. A solution of tannic acid in 
water exposed to the air, gradually absorbs oxygen, and d^x)sit8 crystals of 
gallic acid, formed by the destruction of the tannic acid. The simplest method 
of preparing this acid in quantity is to take powdered nut-galls, which, when 
fresh and of good quality, contain 30 or 40 per cent of tannic acid, "with 
scarcely more than a trace of gallic, to mix this powder with water to thin 
paste, and to expose the mixture to the air in a warm situation for the space 
of two or three months, adding water from time to time to replace that lost 
by drying up. The mouldy, dark-colored mass produced may then be strongly 
pressed in a cloth, and the solid portion boiled in a considerable quantity of 
water. The filtered solution deposits on cooling abundance of gallic acid, 
which may be drained and pressed, and finally purified by re-crystallization. 
It forms small, feathery, and nearly colorless crystals, which have a beautifUl 
silky lustre; it requires for solution 100 parts of cold, and only 3 parts of 
boiling water ; the solution has an acid and astringent taste, and is gradually 
decomposed by keeping. Gallic acid does not precipitate gelatine; widi 
proto-salt of iron no change is produced, but with per-salt a deep bluiah-black 
precipitate falls, which disappears when the liquid is heated from the reduction 
of the peroxide of iron to protoxide at the expense of the gallic acid. 

The salts of gallio add have been but little studied ; those of the alkalis ar^ 
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soluble, and readily destroyed by oxidation in presence of excess of base, the 
solution acquiring after some time a nearly black color; the gallates of most of 
the other metallic oxides are insoluble. 

Gallic acid, dried at 212°, contains C7H03-[-2HO; the crystals contain an 
additional equivalent of water. 

The insoluble residue of woody fibre and other matters, firora which the 
gallic acid has been withdr&wn by boiling water, contains a small quantity of 
another acid substance, which may be extracted by an alkali, and afterwards 
precipitated by an addition pf hydrochloric acid, as a grayish insoluble powder. 
It contains CyHjO^, when dried at 248®, or gallic acid tninus 1 eq. of water. 
The term dlagic acid is given to this substance. M. Pelouze once observed 
its conversion into ordinary gallic acid. 

The conversion of tannic into gallic acid by oxidation is accompanied by a 
disengagement of carbonic acid, the volume of which equals that of the oxy- 
gen absorbed ; the oxidizing action must therefore be confined to the carbon, 
and may perhaps be thus represented — 

1 eq. tannic acid C|gHgO,2 ^ C ^ ^q- gallic acid ^14^6^10 

«= ^ 2 eq. water . "2^2 



8 eq. oxygen Og ) ( 4 eq. carbonic acid C^ O, 



8 



Much of the gallic acid is subsequently destroyed, in all probability only a 
part of that first produced escaping. 

The changes which gallic acid sufiers when exposed to heat are very inte- 
resting. Heated in a retort by means of an oil-bath, the temperature of which 
is steadily maintained at 420®, or thereabouts, it is resolved into carbonic acid, 
and a new acid which sublimes into the neck of th% retort in brilliant, crys- 
talline plates, of the most perfect whiteness ; an insignificant residue of black 
matter remains behind. The term pyrogalHc acid is given to the volatile pro- 
duct It dissolves with facility in water, but the solution cannot be evaporated 
without blackening and decomposition j it communicates a blackish-blue color 
to salts of the protoxide of iron, and reduces those of the peroxide to the state 
of protoxide. The acid characters of this substance are very indistinct P^- 
rc^allic acid contains CgHgOg. 

When dry gallic acid is suddenly heated to 480®, or above, it is decomposed 
into carbonic acid, water, and a second new acid, the metagaUir* which 
remains in the retort as a black, shining mass resembling charcoal ; a few 
crystals of pyrogallic acid are formed at the same time. Metagallic acid is 
insoluble in water, but dissolves in alkalis, and is again precipitated as a 
black powder by the addition of an acid. It combines with the oxide of lead 
and silver, and is composed of CgHjOg. Pyrogallic acid, also, exposed to the 
requisite temperature, yields metagallic acid, with separation of water. 

Tannic acid, under similar circumstances, furnishes the same products as 
gallic acid. Dr. Stenhouse has shown that pyrogallic acid may be procured 
in considerable quantity by carefully heating the dried aqueous extract of 
gall-nuts in Dr. Mohr's subliming apparatus already described.f All these 
changes admit of simple explanation. 

* Pelouze* Ann. Chim. et Fhys., liv. p. 337. 
t Mem. Chem. Soc. of London, i. p. 127. 
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Dry gallic aeid. 
Pyrogallic acid. 

C,H,03 

Tannic acid, 3 eq. 



^64^24^86 



Pyrogallic acid. 

- C,H,03 

Metagallic acid. 

- C,H,0, 

6 eq. gallic acid. 



^42^18^80 



Carbonic acid. 



and CO, 




and HO 
8 eq. pyrogallic acid. 

and C^H^Og. 



These phenomena present admirable illustrations of the production of py- 
rogen acids by the agency of heat. 
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SECTION IV. 



AZOTIZED ORGANIC PRINCIPLES OF SIMPLE CONSTITUTION. 



GTAiroeS^, ITS GOMPOUirSS ▲KB DSBITATITSS. 

Ctahogsh* forms the most perfect type of a quasi-simple salt>radical that 
chemistry- presents, as kakodyle does of the basyle class ; it is interesting also 
from being the first-discovered body of the kind. 

Cyanogen may be prepared widi the utmost ease by heating in a small 
retort of hard glass the salt called cyamde of mafeury, previously reduced to 
powder, and well dried. The cyanide undergoes decomposition, like the 
oxide under similar circumstances, yielding metallic mercury, a small quan- 
tity of a brown substance of which mention will again be made, and cyanogen 
itself, a colorless, permanent gas, which must be collected over mercury. It 
has a pungent and very peculiar odor, remotely resembling that of peach- 
kernels, or hydroc3ranic add ; exposed while at the temperature of 45^ to a 
pressure of 3*6 atmospheres, it condenses to a thin, colorless, transparent 
liquid.t Water dissolves 4 or 5 times its volume of this gas, and alcohol a 
much larger quantity; the solution rapidly decomposes, yielding ammonia, 
brown insoluble matter, and other products. Cyanogen is inflammable ; it 
bums with a beautiful purple, or peach-blossom colored flame, generating 
w^ater and carbonic acid. The specific gravity of this gas is 1*806 j it is com- 
posed of carbon and nitrogen in the proportion of 2 equivalents of the former 
to 1 equivalent of the latter, or C^N ; this is easily proved by mixing it with 
twice its measure of pure oxygen, and firing the mixture in the eudiometer; 
carbonic acid is formed equal in volume to the oxygen employed, and a 
volume of nitrogen, equal to that of the cyanogen, is set free. Cyanogen, in 
its capacity of quasi-element, is designated by the symbol Cy. 

pABACTAiroeEir. — ^This is the brown or blackish substance above referred 
to, which is always* formed in small quantity when cyanogen is prepared by 
heating the cjranide of mercury, and probably also, by the decomposition of 
solutions of cyanogen, and of hydrocyanic acid. It is insoluble in water and 
alcohol, is dissipated by a very high temperature, and contains, according to 
Professor Johnston, carbon and nitrogen in the same proportions as in cyano- 
gen. 

Ctahide of htdrogxh; htdroctaitic or fbussic acid. HCy.^-This very 
important compound, so remarkable for its poisonous properties, was dis- 
covered as early as 1782, by Scheele. It maybe prepared in a state of purity, 
and anhydrous, by the following process. — ^A long glass tube, filled with dry 
cyanide of mercury, is connected by one extremity with an arrangement for 
furnishing dry sulphuretted- hydrogen gas, while a narrow tube attached to 
the other end is made to pass into a narrow-necked phial plunged into a 

* So called from »t/«rof, blue, and ymAm, I generate. 

t By intense cold it becomes a transparent and crystalline solid, melting at 30O. 
Faraday .->R. B. 



866 CTANO0EN, 

freezing mixture. Gentle heat is applied to the tube, the contents of which 
suffer decomposition in contact with Uie gas, sulphuret of mercury, and cya- 
nide of hydrc^en being produced; the latter is condensed in the receiver to 
the liquid form. A little of the cyanide of mercury should be left undecom- 
posed t6 avoid contamination of the product by sulphuretted-hydrogen. The 
pure acid is a thin, colorless, and exceedingly volatile liquid, which has a 
density of -7058 at 45®, boils at 79° F., and solidifies, when cooled to 0° j its 
odor is very powerful, and most characteristic, much resembling that of 
peach-blossoms, or bitter-almond oil ; it has a very feeble acid reaction, and 
mixes with water and alcohol in all proportions. In the anhydrous state, this 
substance constitutes one of the most formidable poisons known, and even 
when largely diluted with water, its effects upon the animal system are ex- 
ceedingly energetic; it is employed, however, in medicine in very small doses. 
The inhalation of the vapor should be careHilIy avoided in all experiments 
in which hydrocyanic acid is concerned, as it produced headache^ giddiness, 
and other disagreeable symptoms j ammonia and chlorine are the best anti- 
dotes. 

The acid in its pure form cannot be preserved; even when enclosed in a 
carefully-stopped bottle it is observed after a very short time to darken, and 
eventually to deposit a black substance containing carbon, nitrogen, and per- 
haps hydrogen ; ammonia is formed at the same time, and probably other pro- 
ducts. Light favors this decomposition. Even in a dilute condition it is apt 
to decompose, beccnning brown and turbid, but not always with the same 
facility, some samples resisting change for a great length of time, and then 
si^ddenly solidifying to a brown, pasty mass in a few weeks. 

When hydrocyanic acid is mixed with concaitrated mineral acids, the 
hydrochloric for example, the whole solidifies to a crystalline paste of sal- 
ammoniac and hydrated formic acid ; a reaction which is explained in a very 
simple manner, 1 eq. of hydrocyanic acid, and 3 eq. of water, yielding 1 eq. of 
anunonia, and 1 eq. of formic acid. 

C2N,H and 3 HO^NH, and C^HO,. 

On the other hand, when dry formiate of ammonia is heated to 392**, it is 
almost entirely converted into hydrated hydrocyanic acid.* 

NH^O , CgHOg « CjNH and 4H0. 

Aqueous solution of hydrocjranic acid may be had by various means. The 
most economical, and by far the best where considerable quantities are wanted, 
is to decompose at a boiling heat the yelk)w ferrocyanide of potassium by 
diluted sulphuric acid. For example, 500 grains of the powdered ferroc3ranide 
may be dissolved in four or five ounces of warm water, and introduced into a 
capacious fiask or globe capable of being connected by a perforated cork and 
wide bent tube with a Liebig's condenser well supplied with cold water ; 300 
grains of oil of vitriol are diluted with three or four times as much water and 
added to the contents of the flask; distillation is carried on until about one- 
half of the liquid has distilled over, after which the process may be inter- 
rupted. The theory of this process has been carefully studied by Mr. E veritt ;t 
it is sufiicientiy complicated. 

♦ Pelouze, Ann. Chim. et Phys., xlviii. p. 395. 
t Phil. Magazine, Feb. 1835. . 
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'6 eq. carbon ^.^w I^^^soluble yellow salt 

6 eq. carbon . 

2 eq. ferro- j 3 eq. nitrogen) 
cyanide po-^ 3 eq. nitrogen« 
tassium | 1 eq. potassium^ 

3 eq. potassium* 
_2 eq. iron 

3 eo water \^ ^' liy«lrogen ^^v.,^^ — ^3 eq. hydrocyanic axjid. 

6 eq. sulphuric acid ' 3 eq. bisulphate of potash. 

The substance described in the above diagram as intolMit yellow salty remains 
in the flask after the reaction, together with the bisulphate of potash ; it con- 
tains the elements of 2 eq. cyanide of iron, and 1 eq. cyanide of potassium, but 
its constitution is unknown. On exposure to the air, it rapidly becomes blue. 

When hydrocyanic acid is wanted for purposes of pharmacy, it is best to 
prepare a strong solution in the manner above described, and then, having 
ascertained its exact strength, to dilute it with pure water to the standard of 
the pharmacopoeia, viz. 2 per cent, of real acid. This examination ia best 
made by precipitating with excess of nitrate of silver, a known weight of the 
acid to be tried, collecting the insoluble cyanide of silver upon a small filter 
previously weighed, washing, drying, and lastly, re-weighing the whole. 
From the weight of the cyanide, that of the hydrocyanic acid can be easily 
calculated, an equivalent of the one corresponding to an equivalent of the 
other; or the weight of the cyanide of silver may be divided by 5, which will 
give a close approximation to the truth. 

It is a common remark, that the hydroc3ranic acid made from ferro-cyanide 
of potassium keeps better than that made by other means. The cause of this 
is ascribed to the presence of a trace of mineral acid. Mr. Everitt actually 
found that a few drops of hydrochloric acid, added to a large bulk of the pure 
dilute acid, preserved it from decomposition, while another portion, not so 
treated, became completely spoiled. 

A very elegant and convenient process for the extemporaneous preparation 
of an acid of definite strength, is to decompose a known quantity of cyanide of 
potassium by solution of taxtfCtic acid : 100 grains of crystallized tartaric acid 
in powder, 44 grains of cyanide of potassium, and 2 measured ounces of dis- 
tilled water, shaken up in a phial for a sew seconds, and then left at rest, in 
order that the precipitate may subside, will yield an acid, of very nearly the 
required strength. A little alcohol may be added, to complete the separation 
of the cream of tartar; no filtration or other treatment need be employed. 

The production of hydrocyanic acid from bitter-almonds has been already 
mentioned in connection with the history of the volatile oil. Bitter-almonds, the 
kernels of plums, and peaches, the seeds of the apple, the leaves of the cherry- 
laurel, and various other parts of plants belonging to the great natural order 
rosacea^ yield, on distillation with water, a sweet-smelling hquid, containing 
hydrocyanic acid. This is probably due, in all cases, to the decomposition of 
the amygdaline^ pre-existent in the organic structure. The change in question 
is brought about, in a very singuler manner, by the presence of a soluble azo- 
tized substance, called emulsine or synaptase^ which forms a large proportion of 
the white pulp of both Intter and sweet almonds. This substance bears a 
somewhat similar relation to amygdaline that diastase, which it closely resem- 
bles in many particulars, does to starch. 

Amtgd ALINE is prepared with facility by the following process: — ^The paste 
of bitter-almonds, from which the fixed oil has been expressed, is exhausted 
with boiling alcohol; this coagulates and renders inaqtive the synaptase, while 
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at the same time it dissolves oat the amygdaline. The alcoholic liquid is dis- 
tilled in a water-bath, by which much of the spirit is recovered, and the sirupy 
residue diluted with water, mixed with a little yeast, and set in a warm place 
to ferment ; a portion of sugar, present in the almonds, is thus destroyed. The 
filtered liquid is then evaporated to a sirupy state in a water-bath, and mixed 
with a quantity of aloobiol, which throws down the amygdaline as a white 
crystalline powder ; the latter is collected on a cloth filter, pressed, re-<li8solved 
in boiling alcohol, aad left to cool. It separates in small crystalline plates, of 
pearly whiteness, which are inodorous, and nearly tasteless; it is decomp<»ed 
by heat, leaving a bulky coal, and diffusing the odor of the hawthorn. In 
water, both hot and cold, amygdaline is very soluble; a hot saturated solution 
deposits, on cooling, l»rilliant prismatic crystals, which contain water.* In 
cold alcohol, it dissolves with great difficulty. Heated with dilute nitric acid, 
or a mixture of dilute sulphuric acid and peroxide of manganese, it is resolved 
into ammonia, bitter-almond oil, benzoic acid, formic acid, and carbonic acid ; 
with hypermanganate of potash, it yields a mixture of cyanate and benzoate 
of that base. 

Amygdaline is composed of C^^HgyNOgj. 

Synaptase itself has never been obtained in a state of purity, or fit for 
analysis ; it is described as a yellowish-white opaque, brittle mass, very solu- 
ble in water, and coagulable, like albumen, by heat, in which case it loses its 
specific property. In solution, it very soon becomes turbid and putrefies. The 
decomposition of amygdaline under ^e influence of this body may be elegantly 
studied by dissolving a portion in a large quantity of water, and adding a little 
emulsion of sweet almond; the odor of the volatile oil immediately becomes 
apparent, and the liquid yields, on distillation, hydrocjranic.acid. The nature 
of the decomposition may be thus approximatwely represented: — 

1 eq. hydrocyanic acid Cj H N 

2 eq. bitter-almond oil CggHjj O4 
sugar . . Cg H5 O5 

2 eq. formic acid . C^ Hj Og 
7 eq. water . . H^ O^ 

C40H27NO2J 

It may be observed, that in preparing bitter-almond oil, the paste should be 
well mixed M'ith about 20 parts of warm water, and the whole left to stand 
some hours before distillation; the heat must be gently raised, to avoid ooagu- 
lating the synaptase before it has had time to act upon the amygdaline. 
Almond paste thrown into boiling water, yields little or no bitter-almond oil, 

AMT&DALiiric ACID. — ^Whcu amygdaline is boiled with an alkali or an 
alkaline earth, it is decomposed into ammonid, and a new acid called the 
amygdalinic, which remains in union with the base. This is best prepared by 
means of baryta-water, the ebullition being continued as long as ammonia 
continues to be evolved. Prom the solution thus obtained, the baryta may be 
precipitated by dilute sulphuric acid ; the filtered liquid is evaporated in a 
water-bath. Amygdalinic acid forms a colorless, transparent, amorphous msiss, 
Yery soluble in water, and deliquescent in moist air ; the solution has an acid 
taste and reaction. It is converted by oxidizing agents into bitter almond oil, 
formic, and benzoic acids. The amygdalates are mostly soluble, but have been 
but little studied; the acid contains C4QH2g024-(-HO. 

The presence of hydrocyanic acid is detected with the utmost ease ; its re- 
markable odor, and high degree of volatility almost sufficiently characterize it 

* Liebig, in Geiger's Pharmade, vii. p. 6S1. 
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With solution of nitrate of silver it gives a dense curdy white precipitate, 
much resembling the chloride, but differing from that substance in not black- 
ening so readily by l^t, in being soluble in boiling nitric acid, and in suifer- 
ing complete decomposition when heated in a dry state, metallic silver being 
left; the chloride, under the same circumstances, merely fuses, but undergoes 
no chemical change. The production of Prussian blue by " Scheele's test" is 
an excellent and most decisive experiment, which may be made with a very 
small quantity of the acid. The liquid to be examined is mixed with a few 
drops of solution of profosulphate of iron and an excess of caustic potash, and 
the whole exposed to the air for 10 or 15 minutes, with agitation ; hydrochlo- 
ric acid is then added in excess, which dissolves the oxide of iron, and, had 
hydrocjranic acid been present, leaves Prussian blue as an insoluble powder. 
This reaction becomes quite intelligible when the production of a ferrocya- 
lude, described a few pages hence, is understood. 

The most important of the metallic cyanides are the foUowing] they bear 
the most perfect analogy to the hsiloid salts. 

Ctakidb of potassiuk. KCy. — When potassium is heated in c3ranogen 
gas, it takes fire and bums in a very beautiful manner, yielding cyanicte of 
the metal; the same substance is produced when potassium is heated in the 
vapor of hydrocyanic acid, hydrc^en being liberated. If pure nitrogen gas be 
transmitted through a white-hot tube, containing a mixture of carbonate of 
poteush and charcoal, a considerable quantity of cyanide of potassium is formed, 
which settles in the cooler portions of the tube as a white amorphous powder; 
carbonic oxide is at the same time extricated. If azotized organic matter of 
any kind, capable of furnishing ammonia by destructive distillation, as horn- 
shavings, parings of hides, &c., be heated to redness with carbonate of potash 
in a close vessel, a very abundant production of cyanide of pota£(sium results, 
which cannot, however, be advantageously extracted by direct tiieans, but in 
practice is always converted into ferrocyanide, which is a much more stable 
substance, and crystallizes better. 

Tl^ere are several methods by which cyanide of potassium maybe prepared 
fi)r use. It may be made by passing the vapor of hydrocyanic acid into a 
cold alcoholic solution of potash ; the salt is deposited in a crystalline form, 
and may be separated from the liquid, pressed and dried. Ferroc3ranide of 
potassium, heated to whiteness in a nearly close vessel, evolves nitrogen and 
other gases, and leaves a mixture of charcoal, carburet of iron, and cyanide of 
potassium, which latter salt is not decomposed unless the temperature be ex- 
cessively high. Mr. Donovan recommends the use in this process of a wrought- 
jr6n merciuy bottle, which is to be half filled with the ferrocyanide, and ar- 
ranged in a good air-furnace, capable of giving the requisite degree of heat ; 
a bent iron tube is fitted to the mouth of the bottle and made to dip half an 
inch into a vessel of water; this serves to give exit to the gas. The bottle is 
gently heated at first, but the temperature ultimately raised to whiteness ; 
when no more gas issues, the tube is stopped with a cork, and, when the 
whole is completely cold, the bottle is cut asunder in the middle by means of 
a chisel and sledge-hammer, and the pure white fused salt carefully separated 
from the black spongy mass below, and preserved in a well-stopped bottle ; 
the black substance contains much cyanide, which may be extrcicted by a little 
cold water.* It would be better, perhaps, in the foregoing process, to deprive 
the ferrocyanide of potassium of its water of crystallization before introducing 
it into the iron vessel. 

Professor Liebig has lately publishedf a very easy and excellent process 
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* Pharmaceutical Journal, ii. p. 573. 
t Mem. Chem. Boc. of London, i. p. 94. 
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&a making cyanide of potassium, which does not, however, yield it pure, but 
mixed with cyanate of potash. For many of the applications of cyanide of 
potassium, as for example, electro-plating and gilding, for which a considera- 
ble quantity is now required, this impurity will be of no consequence. 8 parts 
of ferrocyanide of potassium are rendered anhydrous by gentle heat, and inti- 
mately mixed with 3 parts of dry carbonate of potash : this mixture is thrown 
into a red hot earthen crucible, and kept in fusion, with occasional stirring, 
until gas ceases to be evolved, and the fluid portion of the mass becomes co- 
lorless. The crucible is leil at rest for a moment, and then the clear salt 
decanted from the heavy black sediment at the bottom, which is principally 
metallic iron in a state of minute division. In this experiment, 2 eq. of ferro- 
cyanide of potassium and 2 eq. carbonate of potash, yield 5 eq. cyanide of 
potassium, 1 eq. cyanate of potash, 2 eq. iron, and 2 eq. carbonic acid. The 
product may be advantageously used, instead of ferrocyanide of potassium, in 
the preparation of hydrated hydroc}ranic acid, by distillation with diluted oil 
of vitriol. 

Cyanide of xx)tas8ium forms colorless, cubic or octahedral crystals, deliques- 
cent in tlie air, and exceedingly soluble in water; it dissolves in boiling 
alcohol, but separates in great measure on coolioig. It is readily fusible, and 
undergoes no change at a moderate red, or even white heat, when excluded 
from air ; otherwise, oxygen is absorbed and the cyanide of potassium becomes 
cyanate of potash. Its solution always presents an alkaline reaction, and 
exhales when exposed to the air the smell of hydrocyanic acid; it is decom- 
posed by the feeblest acids, even the carbonic acid of the atmosphere, and 
when boiled in a retort, is slowly converted into formiate of potash, writh 
separation of ammonia. This salt is anhydrous ; it is said to be as poisonous 
as hydrocyanic acid itself. 

Cyanide of potassium has been derived from a curious and unexpected 
source. In some of the iron-furnaces in Scotland where raw-coal is used for 
fuel with the hot blast, a saline-looking substance is occasionally observed to 
issue in a fused state, from the tuyere-holes of the furnace, and concrete on 
the outside. This proved, on examination by Dr. Clark, to be princijiaUy 
cyanide of potassium. 

Ctanide of sodium, NaCy, is a very soluble salt, corresponding closely 
with the foregoing, and obtained by similar means. 

Cyanide of amhoniux. NH^Cy. — ^This is a colorless, crystallizable, and 
very soluble substance, prepared by distilling a mixture of cyanide of potas- 
.sium and sal-ammoniac, or by mingling the vapor of anhydrous hydrocyanic 
acid with ammoniacal gas, or lastly, according to the observation of M. Lan- 
glois,* by passing ammonia over red-hot charcoal It is very soluble in water, 
subject to spontaneous decomposition, and is highly poisonous. 

Cyanide or mercury. HgCy. — One of the most remarkable features in 
the history of cyanogen is its powerful attraction for certain of the less oxida- 
ble metals, as silver, and more particularly, mercury and palladium. Dilute 
hydrocyanic acid dissolves finely-powdered red oxide of mercury with the 
utmost ease ; the liquid loses all odor, and yields on evaporation crystals of 
cyanide of mercury. Cyanide of potassium is in like manner decomposed 
by red oxide of mercury, hydrate of potash being produced. Cyanide of mer- 
cury is generally prepared from conunon ferrocyanide of potassium ; 2 parts 
of the salt are dissolved in 15 parts of hot water, and 3 parts of dry sulphate 
of mercury added; the whole is boiled for 15 minutes, and filtered hot from 
the oxide of iron, which separates. The solution, on cooling, deposits the new 
salt in crystals. Cyanide of mercury forms white, translucent prisms, much 

• Ann. Chim. et Fhys., 3d series, i. p. 111. 
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resembling those of corrosive sublimate ; it is soluble in 8 parts of cold water, 
and in a much smaller quantity at a high temperature, and also in alcohol. 
The solution has a disagreeable metallic taste, is very poisonous, an4 is not 
precipitated by alkalis. Cyanide of mercury is useful in the laboratory as a 
source of cyanogen. 

Ctjiitide of siLYEB, AgCy, has been already described ; cyanide of zinc^ 
ZnCy, is a white insoluble powder, prepared by mixing acetate of zinc with 
hydrocyanic acid. Cyanide of cobalty CoCy, is obtained by similar means ; it 
is dirty-white and insoluble. Cyanide ofpaUadium forms a pale, whitish pre- 
cipitate when the chloride of that metal is mixed with a soluble cyanide, in- 
cluding that of mercury. Cyanide of gold, AugCyj, is yellowish-white and 
insoluble, but freely dissolved by solution of cyanide of potassium. Protocyor 
tnde of iron has not been obtained, from the tendency of the metal to pass 
into the radical and generate a ferrocyamde. An insoluble green comxx)und 
containing FeCy , FcgCyj was formed by M. Pelouze by passing chlorine gas 
into a boiling solutiotn of ferrocyanide of potassium. 

Ctawic awd CTAiTTrBic ACios. — Thcsc are two remarkable isomeric bodies, 
related in a very close and intimate manner, and presenting phenomena of 
great interest Cyanic acid is the true oxide of cyanogen; it is formed in 
conjunction with cyanide of potassium, when cyanogen gas is transmitted 
over heated hydrate or carbonate of pota^, or passed into a solution of the 
alkaline base, the reaction resembling that by which chlorate of potash and 
chloride of potassium are generated when the oxide and the salt-radical are 
presented to each other. Cyanate of potash is, moreover, formed when the 
cyanide is exposed to a high temperature with access of air ; unlike the chlo- 
rate, it bears a full red heat without decomposition. 

Hydrated cyanic acid, CyO, HO, is procured by heating to dull redness in a 
bard glass retort connected with a receiver cooled by ice, cyanuric acid, de- 
prived of its water of crystallization. The cyanuric acid is resolved, without 
any other product, into hydrated cyanic acid, which condenses in the receiver 
to a limpid, colorless liquid, of exceedingly pungent and penetrating odor, like 
that of the strongest acetic acid; it even blisters the skin. When mixed with 
water, it decomposes almost immediately, giving rise to bicarbonate of am- 
monia. 

C^N O, HO, and 2YiO=iCjd^ and NH3. 

This is the reason why the hydrated acid cannot be separated from a cya- 
nate by a stronger acid. A trace of cyanic acid, however, always escapes de- 
composition, and communicates a pungent smell to the carbonic acid evolved. 
The cyanates may thus be easily distinguished. 

The pure hydrated cjranic acid cannot be preserved ; shortly after its pre- 
paration, it clmnges spontaneously, with sudden elevation of temperature into 
a solid, white, opaque, amorphous substance, called cyamdide. This curious 
body has the same composition as hydrated cyanic acid ; it is insoluble in 
>vater, alcohol, ether, and dilute acids ; it dissolves in strong oil of vitriol by 
the aid of heat, with evolution of carbonic acid and production of ammonia ; 
boiled with solution of caustic alkali, it dissolves, ammonia is disengaged, and 
a mixture of cyanate and cyanurate of the base generated. By dry distilla* 
tion, it is again converted into the hydrate of cyanic acid. 

Ctaitatb op potash. KO, CyO. — ^The best method of preparing this salt 
is, according to Liebig, to oxidize C3ranide of potassium by means of litharge. 
The cyanide, already containing a portion of cyanate, described p. 369, is re- 
melted in an earthen crucible, and finely powdered protoxide of lead added 
by small portions^ the oxide is instantaneously reduced, and the metal, at 
first in a state of minute division, ultimately collects to a fused globule at the 
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bottom of the crucible. The salt is poured out, and when cold, powdered 
and boiled with alcohol ; the hot filtered solution deposits crystals of cjranate 
of potash on cooling. The great deoxidizing power exerted by cyanide of 
potassium at a high temperature promises to render it a valuable agent in 
many of the finer metallurgic operations. 

Another method of preparing the cyanate is to mix dried and finely-pow- 
dered ferrocyanide of potassium with half its weight of equally dry peroxide 
of manganese; to heat this mixture in a shallow iron ladle with free exposure 
to air and frequent stirring until the tinder-like combustion is at an end, and 
to boil the residue in alcohol, which extracts the cyanate of potash. 

This salt crystallizes from alcohol in thin, colorless, transparent plates, 
which sufier no change ih dry air, but on exposure to moisture become gra* 
dually converted, without much alteration of appearance, into bicarbonate of 
potash, ammonki being at the same time disengaged. Water dissolves the 
cyanate of potash in large quantity; the solution is slowly decomposed in the 
eold, and rapidly at a boiling heat, into bicarbonate of potash and ammonia. 
When a concentrated solution is mixed with a small quantity of dilute mineral 
acid, a precipitate falls, which consists of acid cyanurate of potash.* Cyanate 
of potash is reduced to cyanide of potassium by ignition with charcoal in a 
covered crucible. 

Cyanate of potash mixed with solutions of lead and silver, gives rise to in- 
soluble cyanates of the oxides of diose metals, which are white. 

Ctjutatb of amxohia— ub<a. — ^When the vapor of hydrated cyanic acid is 
mixed with excess of ammoniacal gas, a white, crystalline, solid substance is 
produced, which has all the characters of a true, al^ough not neutral, cyanate 
of anmaonieu It dissolves in water, and if mixed with an acid, evolves car- 
bonic acid gas; with an alkali, it yields ammonia. If the solution be heated, 
or if the crystals be merely exposed a certain time to the air, a portion of am- 
monia is dissipated, and the properties of the compound completely changed. 
It may now be mixed with acids without the least symptom of decomposition, 
while cold caustic alkali, on the other hand, fails to disengage the smallest 
trace of ammonia. The result of this curious metamorphosis of the cyanate 
is a substance called urea, a product of the animal body, the chief and charac> 
teristic constituent of urine. This artificia,l formation of one of the products 
of organic life cannot fail to possess great interest The properties of urea, 
and the most advantageous methods of preparing it will be found described a 
few pages hence. 

Ctahvkic acid.^— 'The substance called ^Zam, of which further mention 
will be made, is dissolved by gentle heat in concentrated sulphuric acid, the 
solution mixed with 20 or 30 parts of water, and the whole maintained at a 
teinperature approaching the boiling-point, until a specimen of the liquid, on 
being tried by ammonia, no longer gives a white precipitate ; several days are 
fequired. The liquid, concentrated by evaporation, deposits on cooling cyanu- 
ric acid, which is purified by re-crystallization. Another, and perhaps sim- 
pler method, is to heat dry and pure urea in a flask or retort; ihe substance 
melts, boils, disengages ammonia in large quantity, and at length becomes 
converted into a dir^-white, solid, amorphous mass, which is impure oyanuric 
acid. This is dissolved by the aid of heat in strong oil of vitriol, and nitric 
acid added by little and little until the liquid becomes nearly colorless ; it is 
then mixed with water, and sufiered to cool, whereupon the cyanuric acid 
separates. 

Cyanuric acid in a pure state forms colorless crystals, seldom of large 
size, derived firom an oblique rhombic prism, which effloresce in a dry atmo- 

• Liebig, in Geiger's Pharmftcie, i. p. 691. 
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Sphere from loss of water. It is very little soIuJbl^ io cold water, and requires 
24 parts for solution at a boiling-heat ; it reddens litmus freely, has no odor, 
and but little taste. This acidfis tribasic; the crystals contain C^NgO, , 3H0 
+4H0, and are easily deprived of the 4 eq. of water of crystallization. In 
]X)int of stability, it offers a most remarkable contrast to its isomer, cyanic 
acid J it dissolves, as above indicated, in hot oil of vitriol, and even in strong 
nitric acid without decomposition, and in fact crystallizes from the latter in 
an anhydrous state, containing CgNgO, , 3H0. Long-continued boiling with 
these powerful agents resolves it into ammonia and carbonic acid. The con- 
nection between cyanic acid, urea, and cyanuric acid may be thus recapitu- 
lated: 

Cyanate of ammonia is converted by heat into urea. 
Urea is decomposed by the sajtne means into cyanuric acid and ammonia. 
Cyanuric acid is changed by a very high temperature into hydrated cyanic 
acid. 

In the latter reaction, 1 eq. of hydraXed cyanuric acid splits into 3 eq. hy- 
drated cyanic acid. 

CjNjOs, 3HO=3 (C^NO , HO.) 

FvLxiiric ACID. — ^This remarkable compound has no other relation to the 
cgranogen group than the accidental one of identity of composition with the 
two preceding acids ; it originates in the peculiar action exercised by hyponi- 
trous acid upon alcohol in presence of a salt of silver or mercury. Neither 
absolute fulminic acid nor its hydrate have ever been obtained. 

Fulminate of silver is prepared by dissolving 40 or 50 grains of silver, 
which need not be pure, in } oz. by measure of nitric acid of sp. gr. 1*37, or 
thereabouts, by the aid of a little heat ; a sixpence answers the purpose very 
w^ell. To the highly acid solution, while still hot, 2 measured oimces of alco- 
hol are added, and heat applied until reaction commences. The nitric acid 
oxidizes part of the alcohol to aldehyde and oxt^lic acid, becoming itself re- 
duced to hyponitrous acid, whicli in turn acts upon the alcohol in such a 
manner as to form hyponitrous ether, fulminic acid, and water. 1 eq. of 
hyxx}nitrous ether and I eq. of hyponitrous acid containing the elements of 1 
eq. fulminic acid and 5 eq. water. 

C^HjO , NO3 and NO3 — C^N^Og and 6H0. 

The fulminate of silver slowly separates from the hot liquid in the form of 
small, brilliant, white, crystalline plates, which may be washed with a little 
cold water, distributed upon separate pieces of filter-paper in portions not 
exceeding a grain or two each, and left to dry in a warm place. When dry, 
the papers are folded up and preserved in a box or bottle. This is the only 
safe method of keeping the salt Fulminate of silver is soluble in 36 parta 
of boiling water, but the greater part crystallizes out on cooling ; it is one of 
the most dangerous substances to handle that chemistry presents ; it explodes 
wh^n strongly heated, or when rubbed or struck with a hard body, or when 
touched with concentrated sulphuric acid, with a degree of violence almost 
indescribable ; the metal is reduced, and a large volume of gaseous matter 
suddenly liberated. Strange to say, it may when very cautiously mixed with 
oxide of copper, be burned in a tube with as much facility as any other orga« 
nic substance. Its comxx)sition thus determined is expressed by the formula 
2AgO , C^NgOg. 

The acid is evidently bibasic; when fulminate of silver is digested with 
caustic potash, one half of the oxide is precipitated, and a compound produced 
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containing AgO , KO , C^NgOj , which resembles the neutral silver-salt, and 
detonates by a blow. Corresponding compounds containing soda and oxide 
of ammonium exist; but a pure fulminate of an alkaline metal has never been 
formed. If fulminate of silver be digested with water and copper, or zinc, 
the silver is entirely displaced, and a fulminate of the new metal produced. 
The zinc-salt mixed with baryta-water gives rise to a precipitate of oxide of 
zinc, yrhiie fulminate of zinc and baryta^ ZnO, BaO, C4NJO2, remains in solu- 
tion. Fulminate of mercury is prepared by a process very similar to that by 
which the silver-salt is obtained; one part of mercury is dissolved in 12 
parts of nitric acid and the solution mixed with an equal quantity of alcohol ; 

Sentle heat is applied and if the reaction becomes too violent, it may be mo- 
erated by the addition from time to time of more spirit ; much carbonic acid, 
nitrogen and red vapor are disengaged, together with a large quantity of 
nitrous ether and aldejiyde ; these are sometimes condensed and collected 
for sale, but are said to contain hydrocyanic acid. The fulminate of mercury 
separates from the hot liquid, and after cooling may be purified from an ad- 
mixture of reduced metal by solution in boiling water and recrystallization. 
It much resembles the silver-salt in appearance, properties, and degree of 
solubility, and contains 2HgjO , C^NjOj. It explodes violently by friction or 
percussion, but, unlike the silver-compound, merely bums with a sudden and 
almost noiseless flash when kindled in the open air. It is manufactured on 
a large scale for the purpose of charging percussion caps; sulphur and chlorate 
of potash are added, and the powder, pressed into the cap, is secured by a 
drop of varnish. 

The relations of composition between the three isomeric acids are beautifully 
seen by comparing their silver salts ; the first acid is mono-basic, the second 
bi-basic, and the third tri-basic. 

Cyanate of silver ..... AgO,C2NO. 

Fulminate of silver 2AgO, C^NjOg. 

Cyanurate of silver 3AgO, CgNgO^. 

Cu]U>BiDE8 OP cTjiiroeEir. — Chlorine forms two compounds with cyanogen, 
or its elements, which are isomeric, and correspond to cyanic and cyanuric 
acids. Gaseous chloride of cyanogen^ CyCl, is formed by conducting chlorine 
gas into strong hydrocyanic acid, or by passing chlorine over moist cyanide 
of mercury contained in . a tube sheltered from the light. It is a permanent 
and Colorless gas at the temperature of the air, of insupportable pungency, 
and soluble to a very considerable extent in water, alcohol and ether. At 0® 
F. it congeals to a mass of colorless crystals, which at 5® melt to a liquid 
whose boiling-point is 11° F. At the temperature of the air it is condensed 
to the liquid form under a pressure of 4 atmospheres, and when long pre- 
served in this condition in hermetically-sealed tubes it gradually passes into 
the solid modification. Solid chloride of cyanogen is generated when anhy- 
drous hydrocyanic acid is put into a vessel of chlorine gas, and the whole 
exposed to the sun ; hydrochloric acid is formed at the same time. It forms 
long colorless needles, which exhale a powerful and offensive odor, compared 
by some to that of the excrements of mice; it melts at 284° and sublimes 
" unchanged at a higher temperature. When heated in contact with water, it 
is decomposed into cyanuric and hydrochloric acids. This compound may be 
represented by the formula CygClg, or CgNg, Clj. It dissolves in alcohol and 
ether without decomposition. 

Broxids and iodide op CTAiroesir correspond to the first of the preceding 
compounds, and are prepared by distilling bromine or iodine with cyanide of 
mercury. They are colorless, volatile, solid substances, of powerful odor. 
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When a solution of cyanide of potassium is digested with iron-filings at a 
gentle heat in an open, vessel, oi^ygen is absorbed from the air, the iron dis- 
solves quietly and disappears, ond a highly alkaline, yellow liquid is obtained, 
which on evaporation deposits lemon-yellow crystals containing potassium in 
combination with a new salt-radical, composed of the metal iron and the ele- 
ments of cyanogen ; in the mother-liquor hydrate of potash is found. 3 eq. 
cyanide of potassium, 1 eq. iron, and 1 eq. oxygen, yield 1 eq. of the new salt, 
and 1 eq. of potash. 

3KCyj Fe, and O = KO and 2K , C^NgFe. 

The new substance is called ferrocyanogen, and is designated by the sym- 
bol Cfy ; it is bi-basic, neutralizing 2 equivalents of metal or hydrogen, and 
contains the elements of 3 equivalents of cyanogen combined with 1 eq. of iron. 
It has never been isolated. 

When iron in filings is heated in a small retort with solution of cyanide of 
potassium, it is dissolved with evolution of hydrogen, caustic potash and the 
new substance being generated ; the oxygen in this case is derived from the 
decomposition of water. Sulphuret of iron and cyanide of potassium give 
rise,, under similar circumstances, to sulphuret of potassium and ferrocyanide 
of potassium. 

HTDROFEBBocTAiric ACID. C/y2H. — Fcrrocyanide of lead or copper, both of 
which are insoluble, may be suspended in water, and decomposed by a stream 
of sulphuretted-hydrogen gas. The filtered solution evaporated in the vacuum 
of the air-pump over a surface of oil of vitriol, furnishes the acid in a solid 
form. If the aqueous solution be agitated with ether, nearly the whole of the 
acid separates in colorless, crystalline laminae ; it may even be made in large 
quantity by adding hydrochloric acid to a strong solution of ferrocyanide of 
potassium in water free from air, and shaking the whole with ether. The 
crystals may be dissolved in alcohol, and the acid again thrown down by 
ether, which possesses the remarkable property of precipitating this substance 
from solution.* Hydroferrocyanic acid difiers completely from hydrocyanic 
acid ; its solution in water has a powerfiiUy acid taste and reaction, and de- 
composes alkaline carbonates with efiervescence ; it refuses to dissolve oxide 
of mercury in the cold, but when heat is applied, undergoes decomposition, 
ibrming cyanide of mercury and a peculiar compound of iron, cyanogen and 
oxygen, with reduction of some of the oxide. In a dry state, the acid is very 
permanent, but when long exposed to the air in contact with water, it be- 
comes entirely converted into Prussian blue. This interesting substance was 
discovered by Mr. Porrett 

FsBBocTAiriDS OF PGTASsirx. 2K , Cfy-f SHO, or 2K,C8N3Fe+3HO.-— 
This most beautiful salt is manufactured on a large scale by die following 
process, which will be now easily intelligible : — ^Dry refuse animal matter of 
any kind is fused at a red heat with impure carbonate of potEish and some 
iron-filings in a large iron vessel, from which the air should be excluded as 
much as possible ; cyanide of potassium is generated in large quantity. The 
melted mass is aderwards treated with hot water, which dissolves out the 
cyanide and other salts; the cyanide being quickly converted by the oxide or 
sulphuretf of iron ^to ferrocyanide. The filtered solution is evaporated, and 

* Posselt. Ann. der Chimle and PhamiAcie, xlii. p. 163. 

t The sulphur is derived from the reduced sulphate of the crude pearlashes used in 
this manufacture. 
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the first-formed crystals purified by re-solution. If a sufficient quantity of 
iron be not present, great loss is incured by the decomposition of the cyanide 
into formiate of xx)tash and ammonia. 

Ferrocyanide of potassium forms large, transparent, yellow crystals, derived 
from an octahedron with a square base ; they cleave with fiicility in a direc- 
tion parrallel to the base of the octahedron, and are tough and difficult to 
powder. They dissolve in 4 parts of cold, and in 2 of boiling water, and are 
iuBoluble in alcohoL They are permanent in the air, and have a mild saline 
taste. The salt has no poisonous properties, and in small doses, at least, is 
merely purgative. Exposed to a gentle heat, it loses 3 eq. of water, and be- 
comes anhydrous ; at a high temperature it yields cyanide of potassium, ca> 
buret of iron, and various gaseous products; if air be admitted, the cyanide 
becomes cyanate. 

The ferrocyanides are often described as double salts in which protocyanide 
of iron is combined with other metallic cyanides, or with hydrogen. Thus 
hydroferrocyanic acid is written FeCy+SHCy, and ferrocyanide of potassium, 
FeCy-^-2KCy-^-3HO; the oxygen and hydrogen of the water of crystalliza" 
tion being respectively adequate to convert the metals into protoxides and the 
cyanogen into hydrocyanic acid. This view has the merit of simplicity, and 
will often prove a useful aid to the memory, but there are insuperable objec- 
tions to its adoption as a sound and satisfactory theory. 

Ferrocyanide of potassium is a chemical re-agent of great value; when 
mixed in solution with neutral or slightly acid salts of the metals proper, it 
gives rise to precipitates which very frequently present higher characteristic 
colors. In most of these compounds the potassium of the base is simply dis- 
placed by the new metal; the beautiful brown ferrocyanide of copper con- 
tafais, for example, 2Cu+Cfy or 2Cu+CjN3Fe, and that of lead, SPb-fCfy. 
With salt of protoxide of iron, it gives a nearly white precipitate, w^hich be- 
comes rapidly blue by exposure to air ; this may very possibly be neutral ferro- 
cyanide of iron, 2Fe4-Cfy. 

When a ferrocjranide is added to a solution of peroxide salt of iron, Prua- 
tian blue is produced. Although this remarkable substance has now been 
long known, and many elaborate researches have been made with a view of 
determining its exact composition, the prdblem cannot yet be said to be com- 
pletely solved. This difficulty arises in great measure from the existence of 
several distinct deep blue compounds formed under different circumstances, 
and having many properties in common, which have been almost unavoidably 
oonibunded. 1|ie following is a summary of the account given by Berzelius, 
who has paid mtfch attention to this subject 

Ordinary Pruuian bhu. — CjgNgFe^, or 3Cfy-f-4Fe. — This is best pepared 
by adding pemitrate of iron to solution of ferrocyanide of potassium, keeping 
the latter in slight excess. It forms a bulky precipitate of the most intense 
blue, which shrinks to a comparatively small compass when well washed and 
dried by gentle heat In a dry state it is hard and brittle, much resembling 
in appearance the best indigo; the fresh-fractured surfaces have a beautiful 
copper-red lustre, similar to that produced by rubbing indigo with a hard body. 
IVussian blue is quite insoluble in water and dilute acids ; concentrated oil of 
vitriol converts it into a white, pasty mass, which again become^ blue on the 
addition of water. Alkalis destroy the color instantly ; they dissolve out a 
ferrocyanide, and leave oxide of iron. Boiled with water and red oxide of 
mercury, it yields a cyanide of the metal, and oxide of iron. Heated in the 
air, Prussian blue bums like tinder, leaving a residue af peroxide of iron. 
Exposed to a high temperature in a close vessel, it disengages water, cyanide 
of ammonium and carbonate of arnxnomB, and leaves carburet of iron. This 
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substance Ibrms a very beautiful pigment, both an oil and a w^iter-oolor, bat 
has little permanency. The Pmssian blue of commerce is cdways exceedingly 
impure ; it contains alumina and other matters, whi^di greatly diminish the 
brilliaocy of the color. 

The production of Prussian blue by mixing peroxide-salt of iron aod ieno- 
cyanide of potassium or sodium may be thus elucidated i—^ 

3 eq. ferroeyanide J 3 eq. ferrocyanogen- ' ^^^^^,^ ■ Prussian blue. 

potassium ( 6 eq. potassium 

o •* * C 4 eq. iron-— " 

2 eq pemitrate S ^ ^^ ^^^^^^ ^ 

ol iron. . . ^ g eq. nitricacid ^^ »^ 6 eq- nitrate of 

potash. 

• 

In the above formula no account is taken of the elements of water which 
Prussian blue certainly contains j in fact it must be looked upon as still 
requiring examination. 

The theory of the beautiful test of Scheele for the discovery of hydrocyaiuo 
acid, or any soluble cyanide, will be now clearly intelligible. The liquid is 
mixed with protosalt of iron and excess of caustic alkali; the protoxide of 
iron quickly converts the alkaline cyanide into ferroeyanide.^ By exposure foi 
a short time to the air, another portion of the hydiajted oxide becomes 
peroxidized; when excess of acid is added, this is dissolved, together with 
the unaltered protoxide, and thus presented to the ferroeyanide in a state 
fitted for the production of Prussian blue. 

Bcuic Prussian bhu, 3Cfy, 4Fe4-Pe20g.— This is a combiaation of Prussian 
blue with peroxide of iron ; it is formed by exposing to the air iSiae while or 
pale blue precipitate caused by a ferroeyanide in a solution of protosalt of iron. 
It differs from the preceding in being soluble in pure water, aJthough not in a 
saline solution. 

The blue precipitate obtained by adding pemitrate of iron to a large eicoesf 
of ferroeyanide of potassium, is a mixture of insoluble Prussian blue with ^. 
compound containing that substance in union with ierrocyanide of potassium, 
or 3Cfy, 4Fe-|-2K, Cfy. This also dissolves in water as soon as the salts haye 
been removed by washing. The other ferrocyanides may be dispatched in a 
few words. 

The «(Mi7ansa/{f,2Na,Cfy'4-12HO, crystallizes in yeUow 4-sided prisms, which 
are efflorescent in the air and very soluble. 

Ferrocyawde of iinimomiutni 2NH4, Cfy-f"^^) ^ iaomorphous with ferro- 
eyanide of potassium ; it is easily soluble, and is decomposed by ebulUtion. 
Fenocyamdd of barmm^ 2Ba, Cfy, prepared by double decomposition, or by 
boiling Prussian blue in baryta-water, forms minute, 3relk>w, anhydrous crys- 
tals, which have but a small degree of solubility evmi in boiling water. The 
oomssponding compounds of f^rotUxvum^ cakumi, and magnesium are more freely 
soluble. The ferrocyanides of sUverj had, zincy manganese, and bismuth, are 
white and insoluble ; those of niekd and cobaU are pale green, and insoluble ; 
and lastly, that of o^qMr has a beautiful reddish brown tint 

Ferrocyanides with two basic metals are occasionally met wil& ; when, for 
example, concentrated solutions of chloride of calcium and ferroeyanide of 
potassium are mixed, a sparingly soluble crystalline precipitate falls, contain- 
ing K, Ce-4-Cfy, liie salMadical being half saturated with potassium, and half 
with calcium ; many simiiaf compounds have been formed. 

FxmBi, OB FEEBiocTAHiDGJEir. CjgN^Feg ; or Cfdy.-^This name is given to 
a substance, by some thought- to be a new salt-radical, isomeric with ferro- 
cyanogen, but differing in capaoity of saturation; it has never been isolated. 
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Ferridcyanide of potamum is thas prepared : Chlorine is slowlf passed, with 
agitation, into a somewhat dilute and cold solution of ferrocyanide of potas- 
siuro, until the liquid acquires a deep reddish-green color, and ceases to pre- 
cipitate a salt of the peroxide of iron. It is then evaporated, until a skin 
begins to form upon the surface, filtered, and lefl to cool ; the salt is purified 
by re-crystaliization. It forms regular prismatic, or sometimes tabular crystals, 
of a beautiful ruby-red tint, permanent in the air, and soluble in 4 parts of 
oold water; the solution has a dark greenish color. The crystals burn when 
introduced into the fiame of a caudle, and emit sparks. 

Ferridcyanide of potassium contains 3K-|-Cfdy; hence the radical is tri- 
basic ; the ssdt is formed by the abstraction of an equivalent of potassium 
from 2 eq. of the yellow ferrocyanide of potassium. It is decomposed by 
excess of chlorine, and by de-oxidizing agents, as 8uIphuretted*hydrogen. 
The term red ferroprusnate of potoih is often, but Very improperly, given to 
this substance. 

Ferridcyanide of hydrogen is obtained in the form of a reddish-brown acid 
liquid, by decomposing ferridcyanide of lead with sulphuric acid ; it is very 
instable, and is resolved, by boiling, into a hydrated percyanide of iron, an 
insoluble dark green powder, containing FcjCyj-j-SHO, and hydrocyanic 
acid. The ferridcyanides of todivm^ ammomum, and of the alkaline earths 
are soluble ; thos6 of most of the other metals are insoluble. Ferridcyanide 
of potassium, added to a salt of the peroxide of iron, occasions no precipitate, 
but merely a darkening of the reddish-brown color of the solution ; with 
protoxide of iron, on the other hand, it gives a deep blue precipitate, contain- 
ing 3Fe4-Cfdy, which, when dry, has a brighter tint than that of Prussian 
blue ; it is known under the name of TumbuffB blue. Hence, ferridcyanide 
of potassium is as excellent a test for protojude of iron, as the yellow ferro- 
cyanide is for the peroxide.' ' 

CoBALTOCTA.iroesH. — ^A series of compounds analogous to the preceding, 
containing cobalt, in place of iron, have been formed, and partially studied; a 
hydrogen-acid has been obtained, and a number of salts, which much resem- 
ble those of ferridcyanogen. It is to be expected that other metals of the 
same isomorphous family may be found capable of replacing iron in these 
dicumstanoes. 

svLPHOCTAiroGxir; its coxpovss aks sxbitatitxs. 

The elements of cyanogen combine with sulphur, forming a very important 
and well-defined salt-radical, called ndphocyanogen^ which contains CgNS,, and 
is monobasic ; it is expressed by the symbol Csy. 

SuLPHOCTAiriDX OF POTASSIUM. KCsy. — Yellow ferrocyanide of potassium, 
deprived of its water Of crystallization, is intimately mixed with half its weight 
of sulphur, and the whole heated to tranquil fusion in an iron pot, and kept 
some time in that condition. When cold, the melted mass is boiled with 
water, which dissolves out a mixture of sulphocyanide of potassium and sul- 
phocyanide of iron, leaving little behind but the excess of sulphur employed 
in the experiment. This solution, which becomes red on exposure to the air 
from the oxidation of the iron, is mixed with carbonate of xx)tash, by which 
the oxide of iron is precipitated, and potassium substituted; an excess of the 
carbonate must be, as &r as possible, avoided. The filtered liquid is concen- 
trated, by evaporation over the open fire, to a small bulk, and left to cool and 
crystallize. The crystals are drained, purified l^ re-solution, if necessary, or 
dried by enclosing them, spread on filter-paper, over a surfiice of oil of vitriol, 
covered by a bell-jar. 

The reaction between the sulphur and the elements of the yellow salt is 
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easily explained : 1 eq. of ferrocyanide of potassium, and 6 eq. sulphur, yield 
2 eq. sulpbocyanide of potassium, and 1 eq. of sulphocyanide of iron. 

2K, Cfy— CgNjFe, 2K , and 6S=2(K, C^NS^) and Fe, CjNSj. 

The new salt crystallizes in long, slender, colorless prisms, or plates, which 
are anhydrous ; it has a bitter, ssdine taste, and is destitute of poisonous pro- 
perties ; it is very soluble in water and alcohol, and deliquesces when exposed 
to a moist atmosphere. When heated, it fuses to a colorless liquid, at a tern- 
perature far below that of ignition. 

When chlorine is passed into a strong solution of sulphocyanide of potassium, 
a large quantity of a bulky, deep yellow, insoluble substance, resembling some 
-varieties of chromate of lead, is produced, together with chloride of potassium, 
w^hich tends to choke up the tube delivering the gas ; the liquid sometimes 
assumes a deep red tint, and disengages a pungent vapor, probably chloride of 
cyanogen This yellow matter may be collected on a filter, well washed with 
boiling water, and dried ; it retains its brilliancy of tint The term tulpho- 
cyanogen has generally been applied to this substance, from its supposed 
identity with the radical of the sulphocyanides ; Mr. Parnell, however, inva- 
riably found it to contain both oxygen and hydrogen, and assigned to it a 
formula much more complex than that belonging to the true sulphocyanogen, 
namely, CjjHgNgS^O. The yellow substance is quite insoluble in water, 
alcohol and ether ; it dissolves in concentrated sulphuric acid, from which it 
is precipitated by dilution. Caustic potash also dissolves it, with decomposi- 
tion; acids throw down from this solution a pale, yellow, insoluble body, 
having acid properties. When heated in a dry state, the so-called sulphocya- 
nogen evolves sulphur and bi-sulphuret of carbon, and leaves a curious, pale, 
straw-yellow substance, called, me/^ which contains C^N^, and enjoys the 
properties of a salt-radical, combining with hydrogen and the metals. Mellon 
bears a dull red heat without decomposition, but is resolved by strong ignition 
into a mixture of cyanogen and nitrogen gases. It is quite insoluble in water, 
alcohol, and dilute acids. 

Htdro8vi.phocta.hic acid, CsyH, is obtained by decomposing sulphocyanide 
of lead, suspended in water, by sulphuretted hydrogen. The filtered solution 
is colorless, very acid, and not poisonous; it is easily decomposed, in a very 
complex manner, by ebullition, and by exposure to the air. By neutralizing 
the liquid with ammonia, and evaporating very gently, to dryness, mHpho^a- 
rude of ammomumj NH^, Csy, is obtained as a deliquescent, saline mass. Tne 
sulphocyanides of soemimi, barium^ ttrontium, calcium^ manganese, and tron, are 
colorless, and very soluble ; those of lead and aiher are white and insoluble. 
A sohible sulphocyanide, mixed with a salt of the peroxide of iron, gives no 
precipitate, but causes the liquid to assume a deep blood-red tint, exactly simi- 
lar to that caused under similar circumstances by meconic acid; hence the 
occasional use of sulphocyanide of potassium as a test for iron in the state of 
peroxide. 

Melax. — Such is the name given by liebig to a curious buffcolored, in- 
soluble, amorphous substance, obtained by the distillation at a high tempera- 
ture of sulphocyanide of ammonium. It may be prepared, in large quantity, 
by intimately mixing 1 part of perfectly dry sulphocyanide of potassium widi 
2 parts of powdered sal-ammoniac, and heating the mixture for some time in 
a retort or flask; bisulphuret of carbon, sulphuret of ammonium, and sulphu- 
' retted hydrogen, are cUsengaged and volatilized, while a mixture of melam, 
chloride of potassium, and some sal-ammoniac remains ; the two latter sub- 
stances are removed by washing with hot water. Melam contains CfgHgNj,; 
it dissolves in concentrated sulphuric acid, and gives, by dilution with water 
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and long boiling, cjranuric acid. The same substance is produced with disen- 
gagement of ammonia when melam is fused with hydrate of potash. When 
strongly heated, melam is resolved into mellon and ammonia. 

If melam be boiled for a long time in a moderately strong solution of 
caustic potash, until the whole has dissolved, and the liquid be then concen- 
trated, a crystalline substance separates on cooling, which is called melamine. 
"By recrystallization it is obtained in colorless crystals, having the figure of an 
octahedron with rhombic base ; it is but slightly soluble in cold water, fusible 
by heat, and volatile with trifling decomposition. It contains CgHgN^, and 
acts as a base, combining with acids to crystallizable compounds. A second 
basic substance, called ammeline, very similar in properties to melamine, is 
found in the alkaline mother-liquor from which the melamine has separated; 
it is thrown down on neutralizing the liquid with acetic acid. The precipi- 
tate, dissolved in dilute nitric acid, yields crystals of nitrate of ammeline, from 
which the pure ammeline may be separated by ammonia. It forms a brilliant 
white powder of minute needles, insoluble in water and alcohol, and contains 
CgHgNgOj. When ammeline is dissolved in concentrated sulphuric acid, and 
the solution mixed with a large quantity of water, or better, spirit of wine, a 
w^hite, insoluble, powder falls, which is designated ammeline^ and is found to 
contain Cj^HgNgOg. When long boiled with dilute sulphuric acid, ammeline 
is converted into cyanuric acid and ammonia. 

UBJtA 'f URIC ACID, XWD ITS PRODUCTS. 

These bodies are closely connected with the cyanogen-compounds, and may 
be most conveniently discussed in the present place. 

Urea. — ^Urea may be extracted from its natural source, the urine, or it may 
be prepared by igtificial means. Fresh urine is concentrated in a water>bath, 
until reduced to an eighth or a tenth of its original volume, and filtered 
through cloth from the insoluble deposit of urates and phosphates. The liquid 
is mixed with about an equal quantity of a strong solution of oxalic acid in 
hot water, and the whole vigorously agitated, and left to cool. A very copious 
fawn-colored crystalline precipitate of oxalaJte of wrea is obtained, which may 
be placed upon a cloth filter, slightly waahed with cold water, and pressed. 
This is to be dissolved in boiUng-hot water, and powdered chalk' added until 
effervescence ceases, and the liquid becomes neutral. The solution of urea 
is filtered from the insoluble oxalate of lime, warmed with a little animal 
charcoal, again filtered, and concentrated by evaporation, avoiding ebullition, 
until crystals form on cooling: these are purified by a repetition of the last 
part of the process. Urea can be extracted in great abundance from the 
urine of horses and cattle, duly concentrated, and from which the hippuric 
acid 'has been separated by an addition of hydrochloric acid ; oxalic acid 
throws down the oxalate in such quantity as to render the whole semi-solid. 

By artificial means, urea is produced \3y heating solution of cyanate of am- 
monia. The following method of proceeding yields it in any quantity that 
can be desired. Cjranate of potash, prepared by Liebig's process,* is dis- 
solved in a small quantity of water, and a quantity of dry neutral sulphate of 
ammonia, equal in weight to the cyanate, added. The whole is evaporated 
to drjmess in a water-bath, and the dry residue boiled with strong alcohol, 
which dissolves out the lurea, leaving the sulphate of potash and the excess 
of sulphate of ammonia untouched. The filtered solution, conc^trated by 
distilling off a portion of the spirit, deposits the urea in beautiful crystals of 
considerable magnitude. 

« ♦See page 371. 
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Urea forms ttauBparent, colorless, 4-sided prisms, which are soluble in an 
equal weight of cold water, and in a much smaller quantity- at a high tem- 
perature. It is also readily dissolved by alcohol. It is inodorous, has a cooling, 
saline taste, and is permanent in the air, unless the latter be very damp. When 
heated, it melts, and, at a higher temperature, decomposes with evolution of 
anunonia and cyanate of ammonia ; cyanuric add remains, which bears a much 
greater heat without change. The solution of urea is neutral to test-paper; it 
is not decomposed in the cold by alkalis or by hydrate of lime, but at a boiling 
heat emits ammonia, and forms a carbonate of the base. The same change 
happens by fusion with the alkaline hydrates. Brought into contact with 
nitrous acid, it is decomposed instantly into a mixture of nitrogen Euid carbonic 
acid gases ; with chlorine it yields hydrochloric add, nitrogen and carbonic acid. 
Crystallized urea is anhydrous; it contains CjH^NjOg, or the elements of eyanate 
bf oxide of ammomum. It differs from carbonate of ammonia by the elements 
of water; hence, it might with some propriety be called earbatrnde. It is easily 
converted into carbonate of ammonia by assimilating the oxygen and hydrogen 
of 2 eq. of water. A solution of pure urea shows no tendency to change by 
keeping, and is not decomposed by boiling ; in the mine, on the other hand, 
where it is associated with putrlfiable organic matter, as mucus, the case is 
different'; In putrid urine no urea can be found, but enough carbonate of am- 
monia to cause brisk effervescence with an add ; and if urine, in a recent state, 
be long boiled, it gives off ammonia and carbonic acid firom the same source. 

Urea acts as a salt-base ; with nitric acid it forms a sparingly-soluble com- 
pound, which crystallizes, when pure, in small, indistinct, colorless plates, 
containing single equivalents of urea, nitric acid, and water. When colorless 
nitric acid is added lo urine, concentrated to a fourth or a sixth of its volume, 
and cold, the nitrate crystallizes out in large, brilliant, yellow laminae, which 
are very insoluble in the acid liquid. The production of this nitrate is highly 
characteristic of urea. The oxalate, when pure, crystallizes in large transpa- 
rent, colorless plates, which have an acid reaction, and are sparingly soluble ; 
it contains an equivalent of water. The other compounds of urea are more 
soluble. 

Ubic, oa LiTHic ACID. — ^This is a product of the animal organism, and has 
never been produced by artificial means. It may be prepared from human 
wine by concentration, and addition of hydrochloric acid; it crystallizes out 
afler some time in the form of small, reddish, translucent grains, very difficult 
to purify. A much preferable method is, to employ the solid white urine of 
serpents, which can be easily procured; this consists almost entirely of uYio 
acid and urate of ammoi\ia.* It is reduced to powder, and boiled in dilute solu- 
tion of caustic potash ; the liquid, filtered from the insignificant residue of fecu- 
lent matter and earthy phosphates, is mixed with excess of hydrochloric acid, 
boiled for a few minutes, and lefl to cool. The product is collected on a filter, 
Washed until free from chloride of potassium, and dried by gentle heat 

Uric acid thus obtained, forms a glistening, snow-white powder, tasteless, 
inodorous, and very sparingly soluble. It is seen under the microscope to con- 
sist of minute, but regular crystals. It dissolves in concentrated sulphuric acid 
without apparent decomposition, and is precipitated by dilution with water. 
By destructive distillation, uric acid yields cyanic, hydrocyanic and carbonic 
acids, carbonate of ammonia, and a black coaly residue, rich in nitrc^en. By 
fusion with hydrate of potash, it furnishes carbonate and cyanate of the base, 
and cyanide of the alkaline metal. When treated with nitric acid, and with 
peroxide of lead, it undergoes decomposition in a manner to be presently 
described. 

Uric acid is /bund by analysis to contain CjqH^N^Oj. 

The only salts of uric acid that have attracted any attention are those of the 
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alkalis. Urate of potash is deposited from a hot, saturate^ solvitiqii of uric acid 
in the dilute alkali as a white, sparingly soluble concretionary mass, composed 
of minute needles; it requires about 500 parts of cold water for solution, is 
rather more soluble at a high temperature, and much more soluble in excess 
of alkali. Urate of toda resembles the salt of potash ; it forms the chief con- 
stituent of gouty concretions in the joints, called chalk-stones. Urate of ammonia 
is also a sparingly soluble compound, requiruig for the purpose about 1000 
parts of cold water j the solubility is very much increased by the presence of 
a small quantity of certain salts, as chloride of sodium. This is the most com- 
mon of the urinary deposits, forming a buff colored, or pinkish cloud or mud- 
diness, which disappears by re-solution when the urine is warmed; the secretion 
from which this is deposited has usually a slightly acid reaction. It occurs also 
as a calculus. 

The following substances result from the oxidation of uric acid by peroxide 
of lead and nitric acid ; they are some of the most beautiful and interesting 
bodies known.* 

- Allantoic. — ^Allantoin occiurs ready-formed in the allantoic liquid of the 
foetal calf. It is produced artificially by boiling together water, uric acid, and 
pure, freshly-prepaxed peroxide of lead; the filtered liquid, duly concentrated 
by evaporation, deposits crystals of allantoin on cooling, which are purified by 
re-solution and the use of animal charcoal. It forms small but most brilliant 
prismatic crystals, which are transparent and colorless, destitute of taste, and 
without action on vegetable colors. Allantoin dissolves in 160 parts of cold 
water, and in a smaller quantity at the boiling temperature. It is decomposed 
by boiling with nitric acid, and by oil of vitriol when concentrated and hot, 
being in this case resolved into ammonia, carbonic acid and carbonic oxide. 
Heated with concentrated solution of caustic alkalis, it is decomposed into 
ammonia and oxalic Ewid, which latter combines with the base. These re- 
actions are explained by the analysis of the substance, which shows it to be 
composed of the elements of oxalate of ammonia minut those of three equiva- 
lents of water, or C^HgNgOg. 

The production of allantoin from uric acid and peroxide of lead is also per- 
fectly intelligible; 1 eq. of uric acid, 2 eq. of oxygen from the peroxide, and 
3 eq. of water, contain the elements of allantoin, 2 eq. of oxalic acid, and 1 eq. 
of urea. 

C^^H^N^Og , 20, and 3H0 = C^HgNgOg, C^O^ and CjH^NjOj. 

The insoluble matter from which the solution of allantoin is filtered consists 
in great part of oxalate of lead, and the mother liquor from which the crystals 
of allantoin have separated yields, on further evaporation, a large quantity of 
pure urea. 

Alioxajt.*— This is the characteristic product of the action of concentrated 
nitric acid on uric acid in the cold. An acid is prepared, of sp. gr. 1-45, or 
thereabouts, and placed in a shallow open basin ; into this a third of its weight 
of dry uric acid is thrown, by small portions, with constant agitation, care being 
taken that the temperature never rises to any considerable extent. The uric 
acid at first dissolves with copious effervescence of carbonic and nitrogen gases, 
and eventually the wl^ole becomes a mass of white, crystalline, pasty matter. 
This is left to stand some hours, drained from the acid liquid in a funnel whose 
neck is stopped with powder and fragments of glass, and afterwards more 
effectually dried upon a porous tile. This is alloxan in a crude state ; it is 
purified by solution in a small quantity of water, and crystallization. 

* WShler and Liebig, Untersuchungen fiber die Natnr der Harnrafire. Annalen 
der Pharmacie, xxvi. p. 241; alao, Ana. Chim. et Phys , Ixviii. p. 225. 
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Alloxan crystallizes with facility fix>m a hot and concentrated solution) 
alowly suffered to cool, in solid, hard, anhydrous crystals of great regularity, 
which are transparent, nearly colorless, have a high lustre, and the figure of 
a modified rhombic octahedron. . A cold solution, on the other hand, left to 
evaporate spontaneously, deposits lai^e foliated crystals, which contain 6 
eq. of water J they efiloresce rapidly in the air. Alloxan is very soluble in 
water ; the solution has an acid reaction, a disagreeable astringent taste, and 
stains the skin, after a time, red or purple. It is decomposed by alkalis, and 
both by oxidizing and de-oxidizing agents; its most characteristic property is 
that of forming a deep blue compound with a salt of protoxide of iron and an 
alkali. 

Alloxan contains CgH^NgO]^; its production is thus illustrated : 1 eq. of 
uric acid, 4 eq. of water, and 1 eq. of nitric acid, contain the elements of al- 
loxan, 2 eq. carbonic acid, 2 eq. of free nitrogen, 1 eq. of ammonia, and X eq. 
of water : — 

CjoH^N^Oj , 4H0 and NO^=Cfi^lffi^Q , 2CO2 » 2N , NH3 , and HO. 

When to a solution of alloxan, heated to 140° F., baryta- water is added as 
long as the precipitate first produced redissolves, and the filtered solution is 
then left to cool, a substance is deposited in small, colorless, pearly crystals, 
which consists of baryta in combination with a new acid, the alhxavic. From 
this salt the base may be separated by the cautious addition of dilute sulphu- 
ric acid J the filtered liquid by gentle evaporation yields alloxanic acid in small 
radiated needles. It has an acid taste and reaction, decomposes carbonates, 
and dissolves zinc with disengagement of hydrogen. It contains in the hy- 
drated state C^H N O^-f-HO, and results from the decomposition of the alloxan, 
mider the influence of the base, into 2 eq. of alloxanic acid and 2 eq. of water. 
The alloxanates of the alkalis are freely soluble ; those of the earths dissolve 
in a large quantity of tepid water, and that of silver is quite insoluble, and 
anliydrous. 

If a warm saturated solution of alloxanate of baryta be heated to ebullition,* 
a precipitate falls, which is a mixture of carbonate and alloxanate of baryta 
w^ith an insoluble salt of a second new acid, the mesoxalic; the solution is 
found to contain unaltered alloxanate of baryta, and urea. Mesoxalic acid is 
best prepared by slowly adding solution of alloxan to a boiling-hot solution of 
acetate of lead ; the heavy granular precipitate of mesoxalate of lead thus 
produced, is washed atid decomposed by sulphuretted hydrogen ; urea is also 
formed in this experiment. Hydrate of mesoxalic acid is crystallizable ; it 
has a sour taste and powerfully acid reaction, and resists a boiling heat; it 
forms sparingly soluble salts with baryta and lime, and a yellowish insoluble 
compound with oxide of silver, which is reduced with effervescence when 
gently heated. This remarkable acid contains, as hydrate, C30^-|-2HO, and 
is, consequently, bi-basic; it is formed hy the resolution of alloxan into urea, 
and 2 eq. of mesoxalic acid : 

Cfi^^fi^Q-r^C^B^Nfi^ and 2C3O4. 

When ammonia in excess is added to a solution of alloxan, the whole 
heated to ebullition, and afterwards supersaturated with dilute sulphuric acid, 
a yellow, light precipitate falls, whidi increases in quantity as the liquid 
cools. This is mykomehnic add; it is but feebly soluble in water, easily 
dissolved by alkalis, and forms a yellow compound with oxide of silver. 
Mykomelinic acid contains CgHgN^Oj; it is produced by the conversion of 
alloxan and 2 eq. of ammonia into 1 eq. of mykomelinic acid and 5 eq. of 
water. 
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Pababafig acib« — ^Thii is the characteristic product of the action of mo- 
derately strong nitric acid on uric acid or alloxan, by the aid of heat; it is 
conveniently prepared by heating together 1 part of uric acid and 8 parts o€ 
nitric acid until the reaction has nearly ceased; the liquid is evaporated to a 
sirupy state, and left to cool; the acid is drained from the toother-liquor 
and purified by re^nystallization. Paiabanic acid forms beautiful colorless, 
transparent, thin prismatic crystals, which are permanent in the air; it is 
easily soluble in water, has a pure and powerful acid taste, and reddens lit- 
mus strongly. Neutralized with ammonia, and mixed with nitrate of silver, 
it gives a white precipitate. Crystallized parabanic acid contains C^NgO^'^- 
2 HO ; its production is thus explained: — 1 eq. of uric acid, 2 eq. of w^ater, and 
4 eq. of oxygen from the nitric acid, yield 1 eq. of parabanic acid, 4 eq. of 
carbonic acid, and 2 eq. of ammonia ; or, alloxan and four additional equiva- 
lents of oxygen furnish 1 eq. of paiabanic acid, 2 eq. of carbonic acid, and 4 
eq. of water. 

The alkaline parabanates undergo a singular change by exposure to heat ; 
if a solution of the acid be saturated with ammonia, boiled fbr a moment, and 
then left to cool, a substance separates in tufts of beautiful colorless needles; 
this is the ammonia-salt of an acid called the oxalturic. The hydrated acid 
is procured by adding an excess of dilute sulphuric acid to a hot and strong 
solution of oxalurate of ammonia, and cooling the whole rapidly. It forms 
a white, crystalline powder, of acid taste and reaction, capable of combining 
with bases j the salts of baryta and Ume are sparingly soluble ; that of sUver 
crystallizes from the mixed hot solution of nitrate of silver and oxalurate of 
JEimmonia in long, silky needles. Oxahiric acid is composed of CgHgNjO.,-}- 
HO ; or the elements of 1 eq. of parabam'c acid and 3 eq. of water. A solu- 
tion of oxaluric acid is resolved by ebullition into free oxalic acid and oxalate 
of urea. 

Thionttbto acid. — ^A cold solution of alloxan is mixed with a saturated so- 
lution of sulphurous acid in water, in such quantity that the odor of the gas 
•remains quite distinct ; an excess of carbonate of ammonia, mixed with a 
little caustic ammonia is then added, and the whole boiled a few minutes. On 
cooling, ihionurate of ammonia is deposited in great abundance, forming beautiful 
colorless, crystalline plates, which by solution in water and recrystallizatioa 
acquire a fine pink tint. A solution of this salt gives with acetate of lead a 
precipitate of insoluble thionurate of the oxide of that metal, which is at first 
white and gelatinous, but shortly becomes dense and crystalline ; from this 
compound the hydrated acid may be obtained by the aid of sulphuretted hy- 
drogen. It forms a white, crystalline mass, permanent in the air, very soluble 
in water, of acid taste and reaction, and capable of combining directly with 
bases. When its solution is heated to the boiling-point it undergoes decora- 
position, yielding sulphuric acid and a very peculiar and nearly insoluble 
substance, called uramile. Thionuric acid is bibasic; the hydrate contains 
CgHgNgSjOjj+SHO; or the elements of alloxan, an equivalent of ammonia, 
and 2 eq. of sulphurous acid. 

Uramils. — The product of the spontaneous decomposition by heat of hy- 
drated thionuric acid. Thionurate of ammonia is dissolved in hot water, 
mixed with a small excess of hydrochloric acid, and the whole boiled in a 
fiask ; a white, crystalline substance begins in a few moments to separate, 
which increases in quantity until the contents of the vessel often become semi- 
solid; this is the uramile. After cooling, it is collected on a filter, washed 
w^ith cold water to remove the sulphuric acid, and dried by gentle heat, dur- 
ing which it frequently becomes pinkish. Examined by a lens, it is seen to 
consist of minute aciculfff crystals. It is tasteless and nearly insoluble in water, 
but dissolves in ammonia and the fixed alkalis. The anrunoniacal solution 
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becomes puiple in the air. It is decomposed by strong nitric acid, alloxan and 
9itrate of ammonia being generated. Uramile contains CgHgNgOg j or thionu- 
he acid mtnttf the elements of 2 eq. of sulphuric acid. 

When a cold saturated solution of thionurate of ammonia is mixed with 
dilute sulphuric acid, and evaporated in a water-bath, instead of uramile, 
another substance, uramUic acid^ is formed and deposited in slender, colorless 
prisms, soluble in 8 parts of cold water. Uramilic acid dissolves in concen- 
trated sulphuric acid without apparent decomposition ; it has a feeble acid 
taste and reaction, and combines with bas^s. The salts of the alkalis are 
easily soluble ; those of the earths much less so, and that of the oxide of silver 
is insoluble. Uramilic acid contains CjgHjQN^Ojg; 2 eq. of uramile and 3 eq. 
of water contain the elements of uramiUc acid and 1 eq. of ammonieu It is 
a substance difficult of preparation. 

Alloxavtiits. — ^This is the chief product of the action of hot dilute nitric 
acid upon uric acid; the sureist Bxid best method of preparing it, however, is 
by passing a stream of sulphuretted hydrogen gas through a moderately strong 
and cold solution of aUoxan. The impure mother-liquor from which the 
crystals of alloxan have separated answers the purpose perfectly well ; it is 
diluted with a little water, ani a copious stream of the gas transmitted through 
it Sulphur is deposited in large quantity, mixed with a white, crystalline 
substance, which is the alloxantine. The product is drained upon a filter, 
slightly washed, and then boiled in water ; the filtered solution deposits the 
alloxantine on cooling. Alloxantine forms small, four sided, oblique rhombic 
prisms, colorless and transparent; it is soluble with difliculty in cold water, 
but more freely at a boiling temperature. The solution reddens litmus, gives 
with baryta-water, a violet-colored precipitate, which disappears on heating, 
and when mixed with nitrate of silver, produces a black precipitate of metal- 
lic silver. Heated with chlorine or nitric acid, it is changed by oxidation to 
alloxan. The crystals become red when exposed to aramoniacal vapors. 
Alloxantine contains CgHgNjOjQ; or alloxan plus 1 equivalent of hydrogen. 

This substance is readily decomposed; when a stream of sulphuretted hy- 
drc^en is passed through a boiling solution, sulphur is deposited and an acid 
liquid produced, supposed to contain a new acid, to which the term dialteric 
is applied. When neutralized by ammonia it yields a salt which crystallizes 
in colorless, silky needles, which contain NH^O,C8N2044"3HO. — ^They be- 
come deep-red when heated to 212° in the air. A hot saturated solution of 
alloxantine mixed with a neutral salt of ammonia instantly assumes a purple 
color, which, however, quickly vanishes, and the liquid becomes turbid from 
the formation of ivamile ; the liquid is then found to contain alloxan and free 
acid. With oxide of silver, alloxantine disengages carbonic acid, reduces a 
portion of the metal, and converts the remainder of the oxide into oxalurate. 
Boiled with water and peroxide of lead, alloxantine gives urea and carbonate 
of lead. 

MuKxxinx; pubpuratx of jiiinioiriA of D&. Pbout. — ^There are several 
difierent methods of preparing this magnificent compound. It may be made 
directly from uric acid, by dissolving that substance in dilute nitric acid, eva- 
porating to a certain point, and then lulding to the warm, but not boiling liquid, 
a very slight excess of ammonia. In this experiment alloxantine is first pro- 
duced, which becomes afterwards partially converted into alloxan ; the presence 
of both is requisite to the production of murexide. This process is, however, 
yery precarious, and often fails altogether. An excellent method is to boil for 
a few minutes in a fiask, a mixture of 1 part of dry uramile, 1 part of red 
oxide of mercury, and 40 parts of water, to which two or three drops of am- 
monia have been added; the whole assumes in a short space of time an in- 
tensely deep purple tint, and when filtered boiling-hot, deposits, on cooling, 
25 
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splendid crystals of nmrexide^ tihimtxed with any imparity. A tfaifd^ sad 
perhaps even scill better prooess^ is that of Pr. Gregory ; 7 parts of alloxan, 
and 4 parts of alloxantine are dtssolyed in 940 parts of boilfflg water, and th& 
solution added to abont 80 parts of eold, strong soiutioii of carbonate of cftn- 
monia; the liquid instantly aot^ires such a dsepth of ooior as to beoome opaquo, 
and gives on cooling a Isurge quantity of murexide ^ the opeArtioa suoeeeds 
best on a small scale. 

Murexide* cryBtallizes in small sqnaie prisfns, which by reflected light 
exhibit a splendid green metallic lustre, like that of the wing^as^s of the rose- 
heetle and other insects; by transmitted light they are deep piJrpte red. It ia 
soluble with difficulty in cold water, much B!iore easily at a boiling teiApera- 
ture, and is insoluble in Alcohol and ether. Mineral acids decompose it with 
sepcu^tion of nmrexan, and caustic potash dissolves it, with production of a 
most magniflc^it purple color, which disappears when the solution is boiled. 
Murexide contains, according to Liebig and Wohler, CJ3.JSgO^'j its produc- 
tion may be thus explained:-— 2 eq. of uramil abd 3 eq. of oxygen from the 
oxide of mercury, give rise to murexide, 1 eq. of allosanio acid, and 3 eq. of 
water. 

SCaHjNjOg ^sCi^eNgOg , C^fiNO^ and 3H0. 

Or, on the other hcmd, 1 eq. of alloxan, 2 eq. of alloxantine, and 4 eq. of 
ammonia, yield 2 eq. of mureXide eind 14 eq. of wetter. 

CgH^NjO,^ , ^CjA^Nfi^ and 4NH, s=2C„H<^jOg and MHO. 

MraxxAH; Ttmpvsic acid of Db. Pnotrr.^^Liebig directs this substance 
to be prepared by dissolving minrexide in caustic potaslh, heating the liquid 
until the color disappears, and then adding an excess of dilute sulphuric add. 
It separates in colorless or slightly yellowish scales, nearly insoluble in cold 
water. In ammonia, it dissolves, and the solution acquires a purple color by 
exposure to the air, murexide being then produced. Murexan is said to con- 
tain CgH^N^Og. This substance, and its relation to murexide, require re- 
examination. 

Connected With uric stcid by similarity of origin, but not otherwise, are two 
curious and exceedingly rare substances, called xanthk oxide, and cystic oxide, 

Xantkie (mde was discovered by Dr. Marcet ; it occurs as an urinary calctt' 
lus, of pale brown color, foliated texture, and waxy lustre, and is extracted by 
boiling the pulverized stone in dilute caustic potash and precipitating by car- 
bonic acid. The xanthic oxide falls as a white precipitate, which on drying 
becomes pale yellow, and resembles wax when rubbed. It is nearly insolu- 
ble in water and dilute acids. Its characteristic property is to dissolve without 
evolution of gas in nitric acid, and to give on evaporation a deep yellow resi- 
due, which becomes yellowish-red on the addition of ammonia or solution of 
potash. Xanthic oxide gives on analysis C.HjNgOg. 

Cystic oxide. — Cystic oxide calculi, although very rare, are more frequently 
met with than those of the preceding substance ; they have a pale color, a 
concentric structure, and- often a waxy external crust The powdered calcu- 
lus dissolves in great part, without effervescence, in dilute acids and alkalis, 
including ammonia; the ammoniacal solution deposits, by spontaneous evapo- 
ration, small, but beautiftilly colorless crystkls, which have the form of six- 
sided prisms and square tables. It forms a salihe compound with hydro- 
chloric acid. Caustic alkalis disengEige ammonia from the substance by con- 
tinued ebullition. Cystic oxide contains sulphur j it is composed of CgH^NSgO^. 

* So called from the Tyrian dye, said to have been prepared from a species of mnrex, 
—a shell'fiBh. 
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Uric acid is perfectly well characterized, even when in very small quantity, 
by its behavior with nitric acid. A small portion heated with a drop or two 
of nitric acid in a smaU porcelain capsule, dissolves, with copious effervescence. 
When this solution is cautiously evaporated nearly to dryness, and after the 
addition of a little water, mixed with a slight excels of ammonia, the deep red 
tint of murexide is immediately pioduoed. 

Impure uric acid, in a remarkable state of decomposition, is !now imported 
into this country in large quantities, for use as a manure, under the name of 
guano or huano. It comes.from the barren and uninhabited islets of the western 
coast of South America, and is the production of the countless birds that dwell 
undisturbed in those regions. The people of Peru have used it for ages. 
Guano usually appears as a pale brown powder, sometimes with whitish 
specks; it has an extremely offensive odor, the strength of which, however, 
varies very much. It is soluble in great part in water, and the solution is 
ibund to be extreooely rich in oxalate of ammcmia, the acid having been gene^ 
rated by a process of oxidation.* 

• See Trans, of Chim. Boe* of London, i, p. 36. 
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SECTION V. 

THE VEGETO-ALKALIS. 



Ths vegeto-alkalis, or alkahidsj constitate a remarkable, and at present 
isolated, group of bodies; tbey are met with in various plants, always in com* 
bination with an acid, which is in many cases of peculiar nature, not occurring 
elsewhere in the vegetable kingdom. They are, for the most part, sparingly 
soluble in water, but dissolve in hot alcohol, from which they often crystallize 
in a very beaudfiil manner on cooling. The taste of these substances, when 
in solution, is usually intensely bitter, and their action upon the animal economy 
exceedingly energetic. They all contain a considerable quantity of nitrogen, 
and are very complicated in constitution, having high combining numbers. It 
is probable that these bodies are very numerous. 

Morphia, or hqrphins. — ^This is the chief active principle of opium ; it is 
the best and most characteristic type of the group, and the earliest known, 
dating back to the year 1803. 

Opium, the inspissated juice of the poppy-capsule, is a very complicated 
substance, containing, besides morphia, three or four other alkaloids in very 
varialde quantities, combined with sulphuric acid and an organic acid call^ 
the meconic. In addition to these, there are gunnny, resinous and coloring mat- 
ter, caoutchouc, &c., besides mechanical impurities, as chopped leaves. The 
opium of Turkey is the most valuable, and contains the largest quantity of 
morphia; that of Egypt and of India are considerably inferior. It has be«i 
produced in England of the finest quali^, but at great cost 

If ammonia be added to a clear, aqueous infusion of opium, a very abundant 
buff-colored or brownish-white precipitate falls, which consists principally of 
morphia and narcotine, rendered insoluble by the withdrawal of the acid. The 
product is too impure, however, for use. The chief difS,culty in the prepara- 
tion of these substances is to get rid of the coloring matter, which adheres with 
great obstinacy, re-dissolving with the precipitates, and being again in part 
thrown down when the solutions are saturated with an alkalL The following 
method, which succeeds well upon a small scale, will serve to give the student 
some idea of a process very commonly pursued when it is desired to isolate 
at once an insoluble organic base, and the acid with which it is in combina- 
tion : — ^A filtered solution of opium in tepid water is mixed with acetate of 
lead in excess; the precipitated meconate of lead is separated by a filter, and 
through the solution ccmtaining acetate of morphia, now freed to a considerable 
extent from color, a stream of sulphuretted hydrogen is passed. The filtered 
and nearly colorless liquid, from which the lead has thus been removed, may 
be warmed to expel the excess of gas, once more filtered, and then mixed w^ith 
a slight excess of caustic anunonia, which throws down the morphia and nar- 
cotine ; these may be separated by boiling ether, in which the latter is soluble. 
The meconate of lead, well-washed, suspended in water, and decomposed by 
sulphuretted hydrogen, yields solution of meconic acid 

Morphia and its salts are advantageously prepared, on the large scale, by the 
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process of Dr. Gregory. A stiong infusion of opium is mixed with a solution 
of chloride of calcium, free from iron ; meconate of lime, Which is nearly inso- 
luble, separates, while the hydrodbloric add is transferred to the alkaloi(^. By 
duly concentrating the filtered solution, the hydrochlorate of miorphia may be 
made to crystallize, while the narcotine, and other bodies, are left behind. Re- 
peated recrystallization, and the use of animal charcoal, then suffice to whiten 
and purify the salt,^ from which the base may be precipitated in a pure state 
by ammonia. Other processes have been proposed, as tha,t of M. Thiboum^ry, 
which consists in adding hydrate of lime in excess to an infusion of opium, by 
which the meconic acid is rendered insoluble, while the morphia is taken up 
with ease by the alkaline earth. By exactly neutralizing the filtered solution 
with hydrochloric acid, the morphia is precipitated, but in a somewhat colored 
state. 

Morphia, when crystallized from alcohol, forms small, but very brilliant 
prismatic crystals, which are transparent and colorless. It requires at least 
1000 parts of water for solution, tastes slightly bitter, and has an alkaline re- 
action. These efiects are much more evident in the alcoholic solution. It 
dissolves in about 30 parts of boiling alcohol, and with great facility in dilute 
acids ; it is also dissolved by excess of caustic potash or soda, but scarcely by 
excess of ammonia. When heated in the air; morphia melts, inflames like a 
resin, and leaves a small quantity of charcoal, which easily bums away. 

Morphia, in powder, strikes a deep bluish color With neutral per-salts of 
iron, decomposes iodic acid with liberation of iodine, and forms a deep yellow 
or red cornpound with nitric acid; these reactions are by some considered 
characteristic. « 

Crystallized morphia contains C3gH2oNO,'-f*2HO. 

The most characteristic and best-defined salt of this substance is the hydixh 
thhrate. It crystallizes in slender, colorless needles> arranged in tufts or stelr 
lated groups, soluble in about 20 parts of cold water, and in its own weight 
at a boiling temperature. The crystals contain 6 eq. of water. The sulphate, 
nitrate^ and photphate, are crystallizable salts ; the acetate crystallizes with great 
diffitiulty, and is usually sold in the state of a dry powder. The artificial 
meconate is sometimes prepared for medicinal use. 

Nabcotihx. — ^The mare, or insoluble portion of opium, contains much narT 
ootine, which m&y be extracted by boiling with dilute acetic acid. From the 
filtered solution, the narcotine is precipitated by ahmionia, and afterwards 
purified by solution in boiling alcohol, and filtration through animal charcoaL 
Narcotine crystallizes iu smaU, .colorless, brilliant prisms, which are nearly 
insoluble in water. The basic powers of narcotine are very feeble ; it is 
destitute of alkaline reaction, and although freely soluble in acids, refuses to 
form with them crystallizable compounds. 

Narcotine contains C48HJ4NO15. 

CoDSiirs. — ^Hydrochlorate of morphia, prepared directly from opium, as in 
Gregory's process, contains codeine-salt When dissolved in water, and mixed 
with a slight excess of anmionia, the morphia is precipitated, and the codeine 
left in solution. Pure codeine crystallizes, by spontaneous evaporation, in 
small, colorless, transparent octahedrons ; it is soluble in 80 parts of cold, and 
17 of boiling water, has a strong alkaline reaction, and forms crystallizable 
salts. 

Codeine is composed of Cg^HjoNOg. 

Thebaine or paramorpkme, pseudomorphine, narceine, and mecomney are also, at 
least occasionally, contained in opium ; they are of small importance, and 
little is known respecting them. 

Meconic acid is obtained from the impure meconate of lead, as already 
mentioned. The solution is evaporated in the vacuum of the air-pump. A 
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more ftcfvantageoas <fietbod is to deeompose %» voaptst^ mecoimte 6f !im^ 
obtained in Dr. Qte^ffs morpbiarproeesSj bywanti, ^Ittte hydroehloiric ttcid; 
to separate the eiysrfald of acid meeonafe of lime, wfaieh fbma. on ooolin^, azM 
to repeat this opetittidn ualii the whole of the base has been reoioved, Wbieb 
may be known by the aeid being enfufely oombnstibte, without residue, wheH 
heated in the flame of a spirit-lamp upon platinmn-ibil. It is with the greatedl 
difficalty obtained free from color. 

Meeonic acid crystaHizes in little, colorless, pearly scales, whi(^ dissolve in 
4 parts <^ hot water. It has an aind triiste and reaction, forms solnUe com- 
pounds with the aUEaUs, and insoluble salts with lime, batytE^ and the o^des 
of lead af^ silver. The most remarkable feature of this substance is its pro- 
perty of striking a deep blood-red color With a salt of the peroxide of iron, 
exactly resembling that developed, under similar circumstances, by- a sulpho- 
byanide. The meoonote of iron may, however, be distii%uished from the 
latter compound, as Mr. Everett has shown, by an addition of corrosive sub- 
limate, which Meaohes die suIphoc3ranide^ but has little effect upon the me- 
oonate. This is a point of considerable practical importance, as in medico-legal 
inquiries, in which evidence of the presence of opium is sought fbr in complex 
<»ganic mixtures, tiie detection of meoonic acid is usually the" object of the 
chemist; and since tMUses of alkaline sulphocyanide aire said to be found in 
the saliva, it becomes very desirable to remove that somtoe of error and ant- 
biguity. 

Crystallized meeonic add contains Ci^HO^j, dH0+6H0. 

When a solution of meoonic acid in water, or/stiH better, in a mineral acid, 
is boiled, or when the dry acid is exposed In a retort to a temperature of 400^, 
it is decomposed, )rielding a new bibatic aeid, the oomeme, containing C^fifig^ 
^fiO, wiueh much resembles in properties meoonic acid. Water and carbonic 
add are at the same time extricated. At a hi^er temperature, comenic add 
itself is redolved into a second new~ add, the pyromeixmie, which sublimes, 
and afterwards condenses in brilliant, colorless plates. It is monobadc, and 
contains C^fifi^, BO. 

CnrcBOiriA awd <it7ri-ji.— ^It is to these vegeto^lkaUs that &e valuable me- 
dicinal properties of the Peruvian barks are due. They are associated in the 
bark with sulphuric ficid, and with a spedal acid, not fbund elsewhere, called 
the Mtttc. Cindioda is contained in largest quantity iti the pale berk, or citi- 
duma condaminea,' quina in the yellow (or calysaya) bark, or cindiona eordi- 
■fiUa; the dndttma obkmg^bKa (or red berk) eontains both. 
' The simplest, but not tiie most eeotiomical method, of preparing these sub- 
stances, is to add a slight excess of hydrate of lime to a sttong decoction of 
the ground bark, in acidulated water ; to wa^ ^e predipitate which ensues, 
and boil it in alcohol. The solution, filtered while hot, deposits the vegeto- 
alkali on cooling. When both bases are present, they may be separated by 
converting them into sulphates ; the salt of quitia is the least soluble of the 
two, and crystallizes first 

^ Pure cinchonia, or dnchonine, crystallines in small, but beautifully brilliant, 
transparent 4-8ided prisms. It is but very feebly soluble in water, dissolves 
readily in boiling alcohol, and has but fittle taste, although its salts are exces- 
sively bitter. It is a powerful base, neutralizing acids completely, and form- 
ing a series of crystallizable salts. 

Quina, or quinine, much resembles cinchonia; it does itot crystallize so 
well, however, and is much more soluble in water; its taste is intensely bitter. 
9it^[fhate of quma is manufactttred on a very laarge se^le fbr medicinal use ; it 
crystallizes in small white needles, which give a neuttal solution. The solu- 
bil$ty of this compound is much increased by the Addition of a littie sulphuric 
aeid. 



Cin^iODia is composed of C20HJ2NO, «nd 
Qttimof . . CaoHujNOa. 

A third vegeto-alkali, cHrwddinej is by somQ supposed to exist iii Peruvian 
b^irk. 

From cusco, or arica-bark, a substance denominated aridnej has been extracted ; 
it closely resembles cinchonine. 

EiNic ACID. — Kinate of lime is found in the solution from which the bark- 
alkalis have been separated by hydrate of iim^ and is easily obtained by 
evaporation, and purified by animsil charcoal. From the lime-salt the acid 
can be extracted by decomposing it by diluted sulphuric acid. The clear 
solution evaporated to a sirupy conaisteiice deposits large, distinct crystals, 
which resemble those of tartaric acid. It is soluble in 2 parts of water, and 
oonttums C14H11O1,, HO. 

SrftTcairiA xvn bbitcia itre contained in mce vomica, in St. Ignatius' bean, 
and in falte Jtnguetwa bark; they are associated with a peculiar acid, called 
.the igamrie. Nux vomica seeds are boiled in dilute sulphuric acid until 
they become soft; they are then crushed, and the expressed liquid mixed with 
excess of hydrate of lime, which throws down the alkalis. The precipitate 
is boiled in e^irit of wine of sp. gr. *850, and filtered hot Strychnia and 
brucia are deposited together in. a colored and impure state, and may be 
separated by cold alcohol, in which the latter dissolves readily. 

Pure fltrycfania orystallizes under favo^ble circumstances in small, but ex* 
cec»diiigly brilliant octahedral crystals, whidi axe transparent and colorless* 
It has a very bitter taste, is slightly soluble in water, and is fearfully poisonous. 
It dissolves in hot, end somewhat dilute ^Lrit, but nether in absolute alcohol, 
ether, nor in a solution of eaustks alkalL Strychnia forms with acids a series 
of well-defined salts. It is composed of C^^^fi^ 

Brucia is easily distinguished from the precedix^ substance, which it much 
resembles in many respects, by its ready solubility in alcohol, both hydrated 
and absolute. It dissolves also in about 500 parts of hot water. The salts of 
bruoia are, for the most part, crystalUzabie. 

Brucia contains C44H23N2O7. 

YsBATRiA is obtained from the seeds of veratrum sabadiUa. In its purest 
fclate it is a white, or yellowish-white powder, which has a sharp burning 
taste, and is very poisonous. It is remarkable for occasioning violent sneezing. 
It is iasokible in water, but dissolves in hot alcohol, in ether, emd in acids; the 
tohition has an alkaline reaction. Yeratria contains nitrogen, but its com- 
position is yet doubtful.* 

A substance called eolckicinA, extracted from the colcMcum tvutumnale, and 
formerly confounded with veratria, is now considered distinct; its history is 
yet imperfect 

CoHicivx, or coHiA, and iricoTiirx differ fcom the other Tegetable bases in 
physical characters; they are volatile odly liquids. The first is extracted 
ftooL hemlock, and the second from tqbacco. They agree in most of their 
characters, having high boiling-points, very poisonous properties, strong alkaline 
reaction^ and the power of forming with acids crystallizable salts. The 
formula of nicotine is given by Qi^tigosa as' Cj0HgN; that of conicine is un- 
eertatn.t 

There are very many otiier- bodies, more or less perfectly known, liaving to 
a certain extent the properties of a salt^sase ; the following statement of the 
names anil mode of occurrence of a few of these must suffice. 

* Veiatoia, Aecording to M. Gooerb^i it composed of C^^^O^.^lBiSB. 
t For an excellent description of the whole of the veffeto-aikaliti, the reader is referred 
to Liebig's edition of Geig^er''s Pharmacie, vol. i. p. Hod. 
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HyotcyanMiM.-^K white, ciystallSzahle substance, fVom hyoteyeama mgjtr. 
Daturim, — ^A oolorless, ciystalline body, from datura ttramonimn, 
jStropiMe. — Colorless needles, from atropa beUadoima, 
Siramonine. — Colorless acicular crystals, from datura stramonium, 
Solanine. — ^A pearly, crystalline substance, from various solanaoeous plants. 
Acomtine.'—A glassy, transparent mass, from aconUum napeUus, 
DdpMnine. — ^A yellowish, fusible substance, from the seeds of ddphumtm 
ttapkisagria. 

Emetine.'— A white and nearly tasteless powder from ipecacuanha root. 
Curanne.-~The arrow-poison of central America. 



There exists an extensive series of neutral, usually bitter, and sometimes 
poisonous vegetable principles, of which a full account will be found in the 
work already referred to. Some of these are destimte of nitrogen. Two of 
the number, salicine and phloridzine, have been already described; the most 
important of the remainder are the following : — 

GsFTiAKiKs.' — ^The bitter principle of this gentian-root, extracted by ether. 
It crystallizes in golden^yellow needles, is sparingly soluble in cold water, 
more soluble in hot water, and freely dissolved by. alcohol and ether. Its 
composition in unknown. 

PopuLiNX.— This substance closely resembles salicine in appearance and 
solubility, but has a penetrating sweet taste ; it is found accompanying sali- 
cine in the bark and leaves of the aspen. 

DAPHFiirx.^-ExtrBcted from the bark of the daphne mezereum; it forms 
colorless, radiated needles, freely soluble in hot water, alcohol and ether. 

HsspEBiDiirs.— A white, silky tasteless substance, obtained fh>m the spongy 
part of oranges and lemons. It dissolves in 60 parts ^ of hot water; also in 
alcohol and ether. 

£LATXBiirs.->^The active principle of momordica elaterium. It is a whits, 
silky, crystalline powder, insoluble in water. It has a bitter taste, and exces- 
sively violent purgative properties. Alcohol, ether, and oils dissolve it Ex- 
posed to heat, it melts and afterwards volatilizes. 

PipsRiKX.^A colorless, or sli^tly yellow crystallizable principle, extracted 
from pepper by the aid of alcohol. It is insoluble in water. 

AirTiASi2rs.->The poisonous principle of the vpat antiar. It forms small, 
pearly crystals, soluble in 27 parts of boiling water, and also in alcohol, but 
scarcely so in ether; it cannot be sublimed without decomposition. Intro* 
duced into a wound, it rapidly brings on vomiting, convulsions, and death. 
Antiarine contains Cj^HiqC^. 

PicROTOxiirs. — It is to this substance that coecuku indictu owes its active 
properties. Picrotoxine forms small colorless, stellated needles, of inexpressibly 
bitter taste, which dissolve in 25 parts of boiling water, and in 3 parts of 
boiling alcohol. It contains, according to JMM. Pelletier and Caventou, C^fifig. 

AspABAeiirs.*— This, and the two following, are azotized bodies. Aspara- 
gine is found in the root of the marsh-mallow, in asparagus sprouts, and ia 
several other plants. The mallow-roots are chopped small, and macerated in 
the cold with milk of lime ; the filtered liquid is precipitated by carbonate of 
ammonia, and the clear solution evaporated in a water-bath to a sirupy state. 
The impure asparagine which separates after a few days, is purified by re> 
crystallization. Asparagine forms brilliant, transparent, coloriess crystals, 
which have a faint cooling taste, and are freely soluble in water, especially 
when hot MThen dissolved in a saccharine liquid, which is afterwards made 
to ferment; when heated with water under pressure in a close vessel ; or when 
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boiled with an aoid or an alkali, it is converted into ammonia and a new add, 
the atpartic. Asparagine contains CgHgN^O,, and aspertic acid C^^NOq. 

Caffkiite, cs THSiKs.-~This remarkable substance occurs in tluee articles 
of domestic life, infusions of which are used as a beverage over the greater 
pan of the known world, namely tea and coffee, and the leaves of the ikx 
paragtuiyensis f it will probably be found in other plants. A decoction of 
common tea, or of raw coffee-berries, previously crushed, is mixed with excess 
of solution of subcusetate of lead. The solution, filtered from the copious 
yellow or greenish precipitate, is treated with sulphuretted hydrogen to remove 
the lead, filtered, evaporatedi to a small bulk, and neutralized by ammonia. 
The cafieine crystallizes out on cooling, and is easily purified by animal char- 
coal. It forms tufts of delicate, white, silky needles, which have a bitter 
taste, melt when heated with loss of water, and sublime without deeomposi- 
tion. It is soluble in about 100 parts of cold water, and much more easily at 
a boiling heat, or if an acid be present Alcohol also dissolves it, but not 
easily. Caffeine contains Cg^HgN-Og. 

Thsobbomiits.-^— The seeds of me theobroma cacao, or cacao nuts, from which 
chocolate is prepared, contain a crystallizable principle to which the preceding 
name is given. It is extracted in the same manner as caffeine, and forms a 
white, crystalline powder, which is much less soluble than the last-named suhr 
stance. It contains C^H^NgO^. 
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SECTION VI. 

ORGANIC COLORING PRINCIPLES. 



Tax organic coloring principles are substances of yery considerable precdoal 
importance in relation to the arts; several of them too have been made th9 
subjects of extensive and successful chemical investigation. With the excep- 
tion of one red dye, cochineal, they are all of vegetable origin. 

The art of dy^eing is founded upon an affinity or attraction existing between 
the coloring matter of the dye and the fibre of the fabric. In woolen and silk 
this affinity is usually very considerable, and to such tissujes a permanent staia 
is very ea^y eommunicated, but with cotton and flax it is much w^eaker. Re* 
course is then had to a third substance, which does possess in a high degree 
such affini^, and with this the cloth is impregnated. Alumina, peroxide of 
iron, and oxide of tin, are bodies of this class. 

When an infusion of some dye>wood, as log-wood for example, is mixed with 
alum and a little alkali, a precipitate falls, consisting of aliunina in combinatioQ 
with coloring matter, called a lake; it is by the formation of this insoluble sub- 
stance within the fibre, that a permanent dyeing of the cloth is effected. Such 
applications are termed mordantt. Oxide of iron usually gives rise to dull, 
heavy colors; alumina and oxide of tin, especially the latter, to brilliant ones. 
It is easy to see that by applying the mordant pcartiaUy to the cloth, by a wood- 
block or otherwise, a pattern may be produced, as the color will be removed 
by washing from the other portions. 

Blue utes ; iiri»ieo. — ^This is the most important member of the group of 
vegetable coloring matters; it is the product of several species of the genus 
indigofera^ whifeh grow principally in warm climates. When the leaves of 
these plants are placed in a vessel of water and allowed to ferment, a yellow 
substance is dissolved out, which by contact of air, becomes deep blue and 
insoluble, and finally precipitates. This, washed and careiUlly dried, consti- 
tutes the indigo of commerce. It is not contained ready-formed in the plant, 
but is produced by the oxidation of some substance there present Neither is 
the fermentation essential, as a mere infusion of the plant in hot water deposits 
indigo by standing in the air. 

Indigo comes into the market in the form of cubic cakes, which, rubbed with 
a hard body, exhibit a copper-red appearance ; its powder has an intensely deep 
blue tint The best is so light as to swim upon water. In addition to the blue 
coloring matter, or true indigo, it contains at least half its weight of various 
impurities, among which may be noticed a red resinous matter, the indig^Hrtd 
of Berzelius ; these may be extracted by boiling the powdered indigo in dilute 
acid, alkali, and afterwards in alcohol. 

Pure indigo is quite insoluble in water, alcohol, oils, dilute acids and alkalis; 
it dissolves in about* 15 parts of concentrated sulphuric acid, forming a deep 
blue pasty mass, entirely soluble in water; and often used in dyeing ; this is 
tuiphmdigotic add, a compound analogous to sulphovinic acid, capable of form- 
ing with alkaline bases blue salts, which although easily soluble in pure water, 
are insoluble in saline solutions. If an insufficient quantity of sulphuric acid 



liflia been employed, or digestion ftot long enough' 6o»tiiitted, a purple powder 
fe left on dHutiDg ^e acid moBB^ soIaMs i^ a lai^ quantity of pure watey. 
The Notdhausen acid answers better fbr dissolving indigo tliea o<vdina7y oil c^ 
"Vitriol, indigo may, by daiiifious management, be volatilized ; it forms a fine 
purple Vapor, which condenses in btHliant copper-oolored needles. The best 
method of sublinriing this substance is, aeoording to Mr. Tayk», to mix it with 
plaster of PariS) make the whole into a paste with water, and spread it upon 
an iron plate. 1 pan indigo, and 2 parts piaster, answer very well. This, 
wbe& quite di!y^ is heated by a spirit-lamp; tlie volatilization of the indigo ie 
aided by the vapor of water disengaged from the gypsum, and the surface of 
the mc»s becomes covered with beautiful crystals of pure indigo, which may 
be easily remcrved by a thin spatula. At a higher tempemture, ohazring and 
decomposition take place, 

In contact with deoxidizing agents, and with an alkali, indigo suffers a very 
curious change ; it becomes soluble and nearly colorless, perhaps returning to 
the same state in which it existed in the plant It is on this principle that 
the dyer prepares his indigo-vat — 5 parts of powdered indigo, 10 parts of green 
vitriol, 15 parts of hydrate of lime, and 60 parts of water, are agitated toge- 
ther in a close vessel and then left to stand. The hydrated protoxide of iron, 
in conjunction with an excess of lime, reduces the indigo -to the soluble state; 
a yellowish liquid is produced from which acids precipitate the whiti or d^ 
oxidiged indigo, which absorbs oxygen with the greatest avidity, and becomes 
blue and insoluble. Qoth steeped in the alkaline liquid and then exposed td 
the air, acquires a deep and most permanent blue tint by tiie deposition of 
solid, insoluble indigo in the substance of the fibre. Instead of the iron-salt 
and lime, a mixture of dilute caustic soda and grape sugar may be used ; the 
-sugar becomes oxidized to formic acid, and &e indigo reduced. 

The following formulee represetit the cc»xiposition of the bodies desdibedt*^ 

Blue insoluble indigo, . Ci^^NOg 

White, or reduced indigo,* . CjgHgNOj 
Sulpbiadigotic acid . . Cis^^NO , SSO+HD. 

The products of the destrtictive oxidation of indigo appear to be exceeditigfy 
nmnerous. With nitric acid it yields aniUc and picric acids. The first is pre- 
pared by the action of nitric acid diluted with 10 or 15 parts of water upon 
indigo. It forms colorless or slightly yellowish acicular crystals, which have 
a feeble acid taste, and dissolve in about 1000 parts of cold water ; at a high 
temperature it is much more soluble. Exposed to heat, it melts and sublimes 
unchanged. This substance is sometimes called tndigotic add. 

PicriCf or carbazotic acid is procured by adding powdered indigo to 10 or IS 
parts of hot nitric acid of sp. gr. 1*43, and heating the sdution until the action, 
at first very violent, ceases; on cooling, the impure picric acid crystallizes otit 
•When pure, it forms bright yellow crystalline scales, but slightly soluble in 
cold water; it hfts an insupportaWy bitter taste, stains the Skin yellow, and 
forms with potash a salt, which has even less solubility than the free acid, 
crystallizes in brilliant deep-yellow needier, and explodes when heated, with 
extraordinary vit^ence. 

Anilic acid contains Cj^H^N Og, and picric add C^fl^^fi^^. Other sub- 
stances besides indigo, a& salidne, silk, wool, &c., yield picric add b^lhe acticHi 
of nitric acid. 

* Ptt)perly hjfdrogenized indigo, if the abov^ be the earreet vitfwr ; wkiteindigo may, 
however, bt viewed at a hydraUf and blue indigo as ani(Hdde,«f one aad tkeiaoB 
SttbftUULee. 

Whhe indigo .... C„H,N04-H0 
Blue indigo .... CmH,NO+0 
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Quromic add, or a mixtnre of mdphuric add, water and bichromate of poC- 
aah, gentljr heated with powdered indigo, give rise to a deep yellow-brown 
solution, which by due concentration and cooling deposits crystals of a sub- 
stance called iuUme, When purified, isatine forms red prismatic crystals 
which are but slightly soluble in cold water, and contain Cj^HgNO^, or the 
elements of blue indigo, phu 2 eq. of oxygen. Jn contact with alkalis, isatine 
assimilates the elements of water and becomes itoHmc acidy C|.HfNOg. Ex- 
posed to the action of chlorine, it yields chkfriiatme, Cj^H^N ClO^, and biddorr 
Wdtfifie, Ci^HgNClgO^; these in turn yield with caustic alkali a pair of new 
acids. 

The destruction of the color of indigo by chlorine, in presence of water, is 
instantaneous, a yellow or brown matter being produced ; the color cannot be 
again restored. Caustic alkalis, in a concentrated state, also destroy indigo; 
two products are formed, the dirysamKc acid and the oMthra/nUie acid. The 
latter is crystallizable, has a yellow color, and contains Cj^HgNOg. Fused 
hydrate of potash converts indigo into a mixture of valerianate and carbonate 
of potash, with evolution of ammoniacal gas and hydrogen. 

Certain of the products of the action of nitric acid upon ahes resemble 
very much some of the derivatives of indigo, without, however, it seems, 
being identical with them. Powdered aloes, heated for a considerable time 
with excess of moderately strong nitric add, yields a deep red solution, which 
deposits -on cooling a yellow crystalline mass. This, purified by suitable 
means, constimtes ckrysammic acid; it crystallizes in golden-yellow scales, 
which have a bitter taste, and are but sparingly soluble in water. Its potash- 
salt has a carmine-red tint, and exhibits a green metallic lustre, like that of 
murexide. The mother-liquor from which the chrysammic acid has been 
deposited contains a second add, the ckrysolqnCf which also forms golden-yel- 
low, sparingly soluble, scaly crystals. The potash-sa^t forms small, yello^xr 
prisms of little solubility. It explodes by heat Chrysammic acid contains 
CigHNjO,,; and crysolepic add, Cigtl^fi^-^ hence it is isomeric with picric 
arad. 

LiTinTB. — ^Litmus is used by the dyer as a red coloring matter; the chemist 
employs it in the blue state as a test for the presence of add, by which it is 
instantly reddened. Many lichens, when exposed in a moistened state to the 
action of ammonia, yield purple or blue coloring piinciples, which, like indigo^ 
do not pre-exist in the plant itself. Thus, the roccelia tindoriaf the varidlaria 
ordnOf the lecanora tartareoy &&, when ground to paste with water, mixed 
with putrid urine or solution of carbonate of ammonia, and left for some time 
freely exposed to the air, furnish the arckily litmus, and cudbear of commerce, 
very similar substances, difiering chiefly in the details of the preparation. 
From these the coloring matter is easily extracted by water or very dilute 
solution of ammoniEu 

Fresh dye-lichens, exhausted by ether, yield a crystalline substance, which, 
when purified by solution in alcohol, is perfectly white ; to this the name 
kcanorine has been given. It is insoluble in water, soluble with difficulty in 
cold alcohol, easily in hot, and also in ether, acetic add and aqueous alkaline 
solutions. When dissolved in dilute caustic potash and left to stand some 
hours, it is resolved into carbonic acid and a new substance called orcmt; if 
the solution be heated, this change occurs almost instantly ; even long-con- 
tinued boiling with water brings about this decomposition. By neutmlizing 
the liquid with an acid and evaporating to a small bulk, the orcine may be 
obtained in large square prisms, which have a slight yellowish tint, an in- 
tensely sweet taste, and a high degree of solubility both in water and alcohol; 
when heated, orcine loses water, and melts to a sirupy liquid, which distils 
undianged. 
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When ammonia is added to a solution of orcine, and the whole exposed to 
the air, the liquid assumes a dark-red or purple tint, by absorption of oxy- 
gen; a slight excess of acetic acid then causes the precipitation of a deep-red 
powder, not very soluble in water, but freely dissolving in ammonia and fixed 
alkalis, with a purple or violet color. This is an azotized substance, formed 
fiom the elements of the ammonia and the orcine, called orceinef it probably 
constitutes the chief ingredient of the red dye-stuff of the commercial articles 
before-mentioned. 

Some little doubt exists respecting the exact composition of these curious 
bodies; the experimental results admit of more than one interpretation. The 
following formulas are, perhaps, not &r removed from the truth.* 

Lecanorine CjgHgOg 

Anhydrous orcine .... Cj^HgO^ 

CrystaUized orcine .... CjgHgO^+SHO 

Orceine Cj^H^N 0^ 

Crystallized orcine, 1 eq. of anmionia, and 5 eq. of oxygen, yielding orceine, 
and 5 eq. of water. 

In preparing test-papers for chemical use with infusion of litmus, good 
writing or drawing-paper, free from alum and other acid salts, should be 
chosen. Those sheets which after drying exhibit red spots or patches, may 
be reddened completely by a little dilute acetic acid, and used, with much 
greater advantage than turmeric-paper, to discover the presence of free alkali, 
which restores the blue color. 

Red dtss — cochiksal.—- This is a little insect, the cocau eacH, which lives 
on several species of cactus^ which are found in warm climates, and cultivatecl 
for the purpose, as in central America. The dried body of the insect yields to 
water and alcohol a magnificent red coloring matter, precipitable by alumina 
and oxide of tin; carmine is a preparation of this kind. The composition of 
cochineal-red is unknown. 

Maddsr. — ^The root of the rvbia tinctorutn, cultivated in Southern France, 
the Levant, &c, the most permanent and valuable of the red dye-stuffs. -The 
red coloring matter, which may be extracted by several different processes 
from the root, is termed aUzarine; it forms yellowish-red acicular crystals, 
easily soluble in alcohol, but sparingly dissolved by boiling water. It resists 
the tuition of concentrated sulphuric acid, and may be sublimed without de- 
composition. Alizarine contains 0^Hj20iq. 

A purple or brown, and a yellow coloring matter, also exist in madder; the 
latter is very soluble in water. The beautiful Turkof-red of cotton cloth is a 
madder-color; it is given by a very complicated process, of which an abstract 
will be found in Mr. Graham's Elements of Chemistry. 

Brazilwood and hgwood give red and purple infusions, which are largely 
ised in dydng; the coloring principle of logwood is termed hematoxyhne, and 
has been obtained in crystals. Acids brighten these colors, and alkalis render 
them purple or blue. 

Among yellow dyes, quercitron barky Jiutic woody and aaffroUy may be men- 
tioned, and also iwrmeric; these all give yellow infusions to water, andfurniali 
more or less permanent colors. 

* Liebig, in Geiger's PharmBoie, i. p. 1123. 
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The oils and fats form an interesting and very natural group of substances, 
which have been studied with great success. The vegetable and animal fats 
agree so closely in every; respect, that it will be convenient to discuss them 
under one head. 

Oily bodies ase divided into volaHle 3nd fixed j the fozmer ea:e capable of 
being distilled without decomposition, the latter are not When dropped or 
sjpread upon paper, they all pcodace a greasy stain j in the ca^e of a volatile 
oil, this stain disfippearB when the paper is warmed, which never happens 
with a fixed fatty substance. All thjese bodies have an attraction, more or 
less energetic, ibr oxygen ; this in some cases reaches such a height as to oo* 
Cfision spontaneous inflamaaoation, as in the instance of lajge masses of cotton 
or fax moistened with rape or linseed-oil. The e^ctof this absorption of 
oxygen leads to a further c)a«sification of the 'fixed oils into drying and fipn- 
drymg (mIs, or those which bewme hard and resinous by exposure to air, and 
tiioee whioh thicken slightly, become sour and rancid, but never solidify. To 
the first class belong the oils used in paintii^g, as linseed, rape, poppy-seed, 
and waJnut, and to the second, olive and palm oils, and all the oils and iats 
of animal origin. The parts of plants which contain the largest quantities of 
oil are, in general, the seeds. OUveoil is, however, obtained from the fruit 
itself. The leaves of many plants are varnished on .their upper surface with 
a covering of waxy fat Among the natural orders, that of the cntdfoFa ia 
Qonspicuous fat the number of oil-bearing epecies. 

The fixed oils in general have but feeble odor, and scajcoely any taste ^ 
whenever a sapid oil or iat. is met with, it is invariably found to oontain some 
volatile oily principle, as in the case of common butter. They aie all inso- 
IMe in water, and but slightly soluble in alcohol, with the exception of castor 
oil ; in ether, and in the essential oUs, on the other hand, they dissolve in large 
qtuantity. 

The consistence of these substances varies from that of the thinnest oUve- 
oil to that of solid, compagt suet; and thi^ diSerenoe proceed fiom the varia^ 
ble proportions in which the proximate solid and fluid fatty principles are 
asflpciated in the natural product All these bodies may, in fact, by mere 
mechanical means, or by the application of a low temperature, be separated 
into .two, or sometimes three, difiTerent substances, which dissolve in, or mix 
with each other, in all proportions. Thus, olive*oil, exposed to a oold of 40® 
F., deposits a large quantity of crystalline solid fat, which may be separated 
by filtration and pressure; this is termed margarine^ from its pearly aspect. 
That portion of the oil which retains its fluidiQr at this^ or even an inferior 
degree of cold^ has received the name of okme or daine. Again, a solid animal 
fat may, by preside between folds of blotting-paper, be made much harder, 
more brittle, and more difficult of fusion. The paper becomes impregnated 
with a permanently-fluid oil, or oleine, while the solid part is found to consist 
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of a mixfaie of two solid £it8, one resembling the margarine of olive^oil, and 
tbe other haying a much higher meMngrpoint, and other pn^erties whidk 
distinguish it from that substance; it ia Called dtearine. 

These remarks apply to all ordinary oils and fats ; it is by no means proved 
that tlie oleine and margarine of all vegetable and animal oils are identical j 
it is very possible that there may be essential differences amcMog tbem, more 
•specially in the case of the first-named substance. 

Fixed &tty bodies, in contact with alkaline solutions at a high temperature, 
vmdeigo the remarkable change termed tcgpon^cation. When stearine, mar* 
garine, or oleine are boiled with a strong solution of caustic potash or soda, 
they gradually combine with the alkali, and form a homogeneous, viscid, 
transparent mass, or soap, freely soluble in warm water. If the soap so pro* 
duced be afterwards decomposed by the addition of an acid, the fat which 
separates is found completely changed in character; it has acquired a strong 
acid reaction wh&a. applied in a melted state to test-paper, and it has become 
soluble with the greatest &ciUty in Warm alcohol; it is in &ct a new sub* 
stance, a true acid, eapaUe of £>rming salts, and a compound ether, and has 
been generated out of the elements of the neutral fat under the influence of 
the base. Stearine, when thus treated, 3rields riearie aeid, margarine gives 
wtargarU^ add, oleine gives oleic add, and common animal fat, which is a 
mixture of the three neutral bodies, afibrds by saponification by an alkali 
and subsequent decomposition of the soap, a mixture of the three fatty acids 
in question. These bodies are not, however, the only products of saponifica- 
tion; the change is always accompanied by the formation of a very peculiar 
sweet substance, called glycerine, which lemams in the mothep>liqucHr from 
which the acidified fat has been separated. The prooess of saponification 
itself proceeds with perfect facility in a dose vessel ; no gas is disengaged ; 
the neutral &X, of whatsoever kind, is simply resolved into an alkaline salt of 
the &tty acid, or soap, and into glycerine. 

Stkjuuvx axu stxabic ACiD.-~<Pure stearine is most easily obtained by 
mixing purified mutton-fet, mdted m a glass fiask, with several times its 
weig^ of ether, and suffering the wh(4e to cooL Stearine crystallizes out, 
while margarine and oleine remain in solution. The soft pasty mass may 
then be transferred to a cloth, strongly pressed, and the solid portion still 
further purified by recrystallization from ether. It is a white, friable sub- 
stance, insoluble in water, and nearly so in cold alcohol ; boiling spirit takes 
up a small quantity. Boiling ether dissolves it with great ease, but when cold, 
retains only i^^th of its weight* The melting-point of pure stearine, which 
is one of its most important physical characters, may be placed at about 
130° F. 

When stearine is saponified, it yields, as already stated, glycerine and stearic 
acid. The latter crystallizes from hot alcohol in milk-white needles, which 
toe inodorous, tasteless, and quite insoluble in water. It dissolves in its own 
weight of cold alcohol, and in all proportions at a boiling-heat ; it is likewise 
soluble in ether. Alkaline carbonates are decomposed by stearic acid. Ex'- 
posed to heat, it fuses, and at a higher temperature, if air be excluded, volatilizes 
unchanged. The melting-point of stearic acid is about 1&8°. 

Maboarikx and maboabic ACin.^-The ethereal mother-liquor from which 
stearine has separated in the process just described, yields on evaporation, a 
sofi-solid mixture of margarine and oleine with a litde stearind. By com- 
pression between folds of blotting-paper, and re-solution in ether, it is render- 
ed tolerably pure. In this state, margarine very much resembles stearine ; 
it is, however, more fhsible, meWng at 116°, and very much more soluble in 

• Lecanu, Ann. Chim. et Phys., lix. p. 105. 
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cold ether. By saponification it yields glycerine and margaric acid. The 
properties of this la8^named substance resemble in the closest manner those 
of stearic acid ; it is different in composition, however, more soluble in cold 
^ixit, and has a lower melting-point, viz. 140®, or thereabouts. Its salts also 
resemble those of stearic add. 

A more or less impure mixture of stearic and margaric acids is now very 
extensively used as a substitute for wax and spermaceti in the manufacture 
of candles. It is prepared by saponifying tallow by lime, decomposing the 
insoluble soap so formed by boiling with dilute sulphuric add, and then press- 
ing out the fluid or oily portion from the addified fat. 

The solid part of olive-oil is said to be a definite compound of true marga* 
rine and oleine, inasmuch as its melting-point, 68®, is constant, and it gives 
by saponification a mixture of margaric and oleic adds. 

Olxivx iJTD oLXic ACID. — ^It is doubtful whether a perfectly pure oleine 
has yet been obtained ; the separation of the last portions of margarine, with 
which it is always naturally associated, is a task of .extreme difficulty. Any 
fluid oil, animal or vegetable, which has been carefully decolorized, and fil- 
tered at a temperature approaching the freezing-point of water, may be taken 
as a representative of the substance. Oleic acid much resembles oleine in 
physical characters, bdng colorless, and lighter than water, but it has a 
distinct acid reaction, a sharp taste, and is niisdble with alcohol in all pro- 
portions. 

When stearic or margaric acid, or ordinary animal fats, are exposed to de- 
structive distillation, they yield margaric add, a new fiitty body incapable of 
saponification, termed margarone, a liquid carburet of hydrogen, and varioos 
permanent gases. The neutral fats flimish besides an extremely pimgent 
and. even poisonous, volatile principle, called acrokinef* which has not yet 
been isolated. 

In the manufacture of ordinary soaps, both potash and soda are used ; the 
former yielding ioft, and the latter hard soaps. Animal and vegetable fats are 
employed indifferently, and sometimes resin is added. 

CompotUion of the preceding tubtttmoet: — ^The following are the ibrmulsB 
assigned by Liebig to the fatty adds ; they are chiefly founded on investiga- 
tions recently made at GiesseiLf 

Stearic acid, anhydrous ^68^66^6 

Margaric add, anhydrous ..... ^ss^ss^s* 

Margaric is thus seen to differ from stearic acid in containing an additional 
eq. of oxygen, and stearic acid can actually be converted into margaric by the 
action of oxidizing agents. Both are bibasic, and in their free or crystallized 
state contain 2 eq. of water. 

Oleic acid ftom almond oil and beef-suet gave results agreeing pretty well, 
and leading to the following formula : 

Oleic add, anhydrous and monobeudc, — C^fl^fi^, 

* Aeroleifu hu been obtained by M. Redtenbacher, by distilling glycerine with anhy- 
drouB phoBphoric acid. It is described as a colorless, limpid liquid, emitting a voj^t 
very irritating to the eyes and organs of respiration. It is lighter than water, in which 
it is soluble, requiring about 30 parts, and forms a solution which is at first neutral, bat 
soon becomes acid. It is more freely soluble in ether. It cannot be preserved without 
alteration, but is gradually converted into formic and acetic acids, and a new acid to 
which the name of acrylic acid has been given, while at the same time there is deposit* 
ed a white flocculent matter, insoluble in water. The composition of acroleine is C,H40y 
or fflyeerine, less four equivalenu of the elements of water.— Rev ae Scientif., u xvu 

t See jknaalen der Chemie and Fharmacie, xxxv. pp. 40, 65, 196. 
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Margarone probably contains CggHg^Oj, or margaric acid rnmus 2 eq. of 
carbonic acid. 

The composition of stearine, margarine and oleine is most safely deduced 
irom a comparison of that of the acids to which they give rise, and of gly- 
cerine. 

Margaric, stearic, and oleic acids have many properties in common ; their 
salts much resemble each other, those of the alkalis being soluble in pure 
water when warm, but not in saline solutions. A large quantity of cold 
water added to an alkaline margarate or stearate occasions the separation of 
a crystalline, insoluble acid or super-salt The margarates, stearates, and 
oleates of Hmef baryta, and the oxides of the metals proper are insoluble in 
water. They are easily obtained by double decomposition, and in some few 
cases by direct action on the neutral fat A solution of soap in alcohol is 
sometimes us6d as a test for the presence of lime, &c., in waters under ex- 
amination. 

Gltcebiits. — ^This substance is very readily obtained by heating together 
olive or other suitable oil, oxide of lead, and water, as in the manufacture of 
common lead-plaster; an insoluble soap of lead is formed, while the glycerine 
remains in the aqueous liquid. The latter is treated with sulphuretted hydro- 
gen, digested with animal charcoal, filtered, and evaporated in vacuo at the 
temperature of the air. In a pure state, glycerine forms a nearly colorless 
and very viscid liquid, of sp. gr. 1*27, whidi cannot be made to crystallize. 
It has an intensely sweet taste, and mixes with water in all proportions ; its 
solution does not ferment. Exposed to heat, it volatilizes in part, darkens, 
and becomes destroyed. Nitric acid converts it into oxalic acid. 

Glycerine is composed of CgHgOg. 

Glycerine combines with the elements of sulphuric acid, forming a com- 
pound acid, the mdphoglyceric, CgH^Og, 2SO3, which gives soluble salts with 
Hme, baryta, and (xcide of lead. 

Palm akd cocoa-oils. — ^These substances, which at the common tempera- 
ture of the air have a soft-solid or buttery consistence, are now largely con- 
sumed in this coimtry. Pahn oil is the produce of the elais guianensis, and 
comes chiefly from the coast of Africa. It has, when fresh, a deep orange- 
red tint, and a very agreeable odor ; the coloring matter, the nature of which 
is unknown, is easily destroyied by exposure to light, especially at a high 
temperature, and also by oxidizing agents. The oil melts at 80° F. By 
cautious pressure it may be separated into a fluid oleine and a solid sub- 
stance, pcUmitiney which when purified by crystallization from hot ether, is 
perfectly white, fusible at 118°, soluble to a small extent only in boiling alco- 
hol, and convertible by saponification into palmitic acid. The latter resembles 
in the closest manner margaric acid, and has the same melting-point j it 
difiers in composition, however, containing Cg^Hj^O,. By keeping, paitn oil 
seems to sufier a change similar to that produced by saponification ; in this 
state it is found to contain traces of glycerine, and a considerable quantity of 
oleic acid, together with a solid fatty add, first supposed to be margaric, but 
which is probably palmitic acid. The oil becomes harder and rancid, and 
its melting-point is raised at the same time. Coooa-oil, extracted from the 
kernel of the. common coooa-ni}t, is white, and has a far less agreeable smell 
than the preceding. It contains oleine and a solid fat, often used as a sub- 
stitute for tallow in making candles, which, by saponification, gives a crys- 
tallizable fatty acid, codnic acid, having the usual properties of these bodies, 
and melting at 95°. It is composed of CjyH^gOg. Both this and palmitic acid 
are monobasic. 

The solid vegetable fat from the myrittica moschata contains a volatile oil, 
a fluid oleine, and a solid crystallizable, fatty principle; this, when saponified, 
26 
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which occurs with diifictiltjr, 3rields tnyristic add. This substance melts at 
120°, and contains CggHj^Og. It is monobasic* 

Elaibiits Airs xi^inic acid. — ^When olive-oil is mixed with a small quan- 
tity of nitrons acid, nitric acid containing that substance, or solution of nitrate 
of mercury made in the cold, it becomes after a few hours, a yellowish, soft- 
solid mass, which, pressed and treated with alcohol, furnishes a peculiar 
white, crystalline, ^tty substance, termed daidine. It resembles a neutral fat 
in properties, melts at 90°, dissolves with difficulty in boiling alcohol, easily 
in ether, and is resolved by saponification into glycerine and elaidic acidf 
which much resembles margaric acid. Oleic acid is directly convertible by 
nitrous acid into elaidic acid. It is not every kind of oil which furnishes 
elaidine; the drying oils, as those of linseed, poppy-seed, walnuts, &c., refuse 
to solidify; almond, olive and castor oils possess the property in a high degree. 

Elaidic acid is said to contain C^finfis- 

SuBXBic, succiiric Airn sebacic acihs. -^Suberic add has long been known 
as a product of the oxidation of cork by nitric acid; tuccinic add is obtained 
by the distillation of amber ; a fossil resin. Recently, both have been pro- 
duced by the long-continued action of nitric add upon stearic and margaric 
acids. Suberic acid is a white, crystalline powder, sparingly soluble in cc^d 
water, fusible and volatile by heat; it contains CgHgOg. Succinic acid forms 
regular, colorless crystals, soluble in 5 parts of cold, and in half that quantity 
ot boiling water ; it is also fusible and volatile without decomposition, and 
contains Cfijdy Sebadc acid is a constant product of the destructive distil- 
lation of oleic acid, oleine, and all fatty sutsstances contcuning those bodies; it 
is extracted by boiling the distilled matter with water. It forms small, pearly 
crystals resembling those of benzoic acid. It has a faint acid taste, is but 
little soluble in cold water, melts when heated, and sublimes unchanged. 
Sebacic acid is composed of CjoHgHg. 

BuTTBiiTB ; BUTTBic ACID. — ^Commou butter chiefly consists of a solid, crya- 
tallizable and easily fusible fat, a fluid oily substance, and a yellow ccdoring 
matter, besides mechanical impurities, as caseine. The oily part appears to 
be a mixture of oleine and a peculiar odoriferous fatty principle, butyrine^ not 
yet isolated, which by saponification yields three distinct volatile acids, the 
butyricj the capricj the caproic, easily separable in virtue of the very unequal 
solubility of their baryta-salts. Butyric acid is a colorless, oily liquid, of sour 
taste, and an odor resembling old and rancid butter, in which it is probably 
present It has a density of *976, dissolves in all proportions in water, acids, 
alcohol, ether, and oils, and readily distils without decomposition. Caprio 
and caproic acids greatly resemble butyric in properties, but are less soluble 
in water. A very similar substance, pkocetnc acid, is procured by the saponi- 
fication of fish or whale oil, and is derived without doubt from a correspond- 
ing neutral fatty principle. 

Butyric acid has very recently acquired a certain degree of importance 
from the curious discovery of M. Pelouze, that sugar, under particular cir- 
cumstances, is susceptible of becoming converted into that substance. A 
tolerably strong solution of common sugar mixed with a small quantity of 
caseine and some chalk, and exposed for some time to a temperature of 80^ 
or a little higher, yields by a species of fermentation, in which the caseine is 
the active ferment j a large amount of butymte of lime ; carbonic acid and hy- 
drogen gases are during the whole period extricated. This is an exceedingly 
interesting case of the half-artificial formation of an animal produotf 

Butyric acid contains, according to Pelouze, CgH/>3. 

*Annalen der Chemie und Pharmacie, xzzv. p. 277; xxxvi. p. 50: xxxvii. p. 152; 
also. Liebig in Geiger's Pharmacie ; or. Turner's Chemistry, edited by Dr. Gregory, 
t AnnaJen der Chemie und PhariQacie, xivil. p. 241. 
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Wax.— Common bees-wax, freed from its yellow coloring matter by bleach- 
ing, may be separated by boiling alcohol into two different proximate princi- 
ples, carine and merycvne. The first is a white crystalline substance, soluble 
in about 16 parts of boiling spirit, and melting at 144° ; it is the most abund- 
ant of the two. The second is very much less soluble In alcohol, and rather 
less fusible. It is much to be questioned whether these bodies are susceptible 
of saponification. 

Spermaceti. — ^The soft-solid matter, found in very Isufge quantity in a re- 
markable cavity or chambet in the head of the spermaceti whale, when sub- 
mitted to pressure yields, as is well known, a most valuable fiuid oil, and a 
crystalline, brownish substance, which, when purified, becomes the beautiful 
snow-white article of commerce, spermaceti This substance appears, by the 
most recent experiments, to be a specific neutml fatty body, and not, as for- 
merly supposed, a mixmre of several proximate principles.* It melts at 
120°, and when cooled under fiiVorable circumstahces, forms distinct crystals. 
Boiling alcohol dissolves it in small quantity, and ether in much larger pro- 
portion. Spermaceti is saponified with great difiicutty; two products are 
obtained, a?uil and ethoHc acid; the first is a natural, orystallisable fat, whose 
melting-point is nearly the same as that of spermaceti itself, but its solubiliQr 
in alcohol is much greater; it is also readily sublimed without decomposition. 
Ethalic acid resembles in many respects margaric acid. 

Spermaceti is composed of Cg^Hg^O^. 

Cholsstsriite. — This substance is found in small quantity in various parts 
of the animal system, as in the bile, in the brain and nerves^ and in the blood; 
it forms the chief ingredient of bihary calculi, from which it is easily extracted 
by boiling the powdered gall-stones in strong alcohol, and filtering the solution 
while hot; on cooling, the cholesterine crystallizes in brilliant, colorless plates. 
It has the characters of a fat, is insoluble in water, tasteless and inodorous ; 
it is freely soluble in boiling spirit, and also in ether. It altogether resists sa^ 
ponification. Cholesterine melts at 278°, and contains probably CjgHgjO. 

CAHTHARiDiirs, the active principle of the Spanish fiy, may be here men- 
tioned. It is a colorless crystaliizable, fatty body, extracted by ether or alcohol 
from the insect ; it is in6<duble in water and dilute acids, and volatile when 
strongly heated. The vapor attacks the eyes in a very painful manner. 
Cantharidine contains CjQHgO^.t 

VOLATILE OILS. 

The volatile oils of the vegetable kingdom are exceedingly numerous; they 
are secreted by plants, and confer upon their flowers, fruits, leaves, and wood, 
their peculiar odors. These substances are mostly procured by distilling the 
plant, or part of tlie plant, with water ; their points of ebullition always lie 
above that of water; nevertheless, at 212° the oils emit vapor of very con- 
siderable tension, which is carried over mechanically, and condensed with 
the steam. The milky, or turbid liquid obtained, when left to rest, separates 
into oil and water. Sometimes the oil is heavier than the water, and sinks 
to the bottom ; sometimes the reverse happens. 

The volatile oils, when pure, are colorless ; they very frequently, however^ 
have a yellow, and in rarer cases, a green color, from the presence of impuri. 
ty. The odor of these substances is usually powerful, and their taste pungent 

• L. Smith, Idem. xlii. p. 241. 

t We are indebted to M. Chevreul for the 6T8t series of scientific researches on the 
fixed oils and fats, and on the theory of saponification. These admirable investigations 
are detailed in the early volumes of the Annales de Chimie et de Physique, and were 
aAerwards published in a separate form in 1523, under the title of *' Recherches chi- 
miquQB flur les corps gras d'origine animale." 
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and baming. They resist saponification completely, but when exposed to the 
air frequently become altered by slow absorption of oxygen, and assume the 
character of resins. They mix in all proportions with iat oils, and dissolve 
freely both in ether and alcohol; from the latter solvent they are precipitated 
by an addition of water. As already mentioned, the volatile oils communicate 
a greasy stain to paper, which disappears by wanning ; by this character any 
adulteration with fixed oil can be at once detected. A solid, crystalline mat- 
ter, corresponding to the margarine of the common oils, frequently separates 
fiom these bodies ; it bears the general name of Btearcpten, and differs probably 
in almost every case. 

The essentkil oils may be conveniently divided into three classes: viz., 
those consisting of carbon and hydrogen only ; those consisting of carbon, hy- 
drogen, and oxygen ; and those containing in addition sulphur and nitrogen. 

Oils composed of cabboit ahd HTsaoGsir. Oii^ or essehcb ot tubpeh- 
TiNE. — This substance mscy be taken as the type or representative of the 
class ; it is obtained by distilling with water the soft, or semi-fluid balsam, 
called in commerce criMie turpentine, which exudes from various pines and firs, 
or flows from wounds made for the purpose in the wood. The solid product 
lefl after distillation, is common resin. Oil of turpentine, when further puri- 
fied by rectification, is a thin, colorless liquid of powerful and well-known 
odor; its density in the liquid state is '865, and that of its. vapor 4*764; it 
boils at 312^. In water it dissolves to a small extent, and in strong alcohol 
and ether much more freely; with fixed oils it mixes in all proportions. 
Strong sulphuric acid chars and blackens this substance; concentrated nitric 
acid and chlorine attack it with such violence that inflammation sometimes 
ensues. 

Oil of turpentine is composed of CgH^. 

With hydrochloric acid the oil forms a curious compound, which has been 
called artipcial ctmiphor from its resemblance in odor and appearance to that 
substance. It is prepared by passing dry hydrochloric acid gas into the pure 
oil, cooled by a freezing mixture. Afier some time, a white crystalline sub- 
stance separates, which may be strained from the supernatant brown and 
highly acid liquid, and purified by alcohol, in which it dissolves very freely. 
This substance is neutral to test-paper, does not affect nitrate of silver, and 
sublimes without much decomposition; it contains CjoHj^Cl, or, perhaps, C^qHi^ 
HCl. The dark mother liquor contains a somewhat siinilar, but fluid com- 
pound. Difierent specimens of oil of turpentine yield very variable quanti- 
ties of these substances, which may, perhaps, arise from the co-existence of 
two very similar and isomeric oils in the ordinary article. Oil of turpentine is 
very largely used in the arts in painting, and as a solvent ibr resins in making 
varnishes. 

Oil of lemoxs is expressed from the rind of the fruit, or obtained by dis- 
tillation with water. This oil differs very much from the last in odor, but 
closely resembles it in other respects. It has the same composition as oil of 
turpentine, and forms, with hydrochloric acid, two compounds, one solid and 
crystalline, the other fluid. The solid contains CjqHg , HCl. The oils of co-^ 
paiba-balsam^JuniperberrieSf storax^ and several others, contain no oxygen. 

Essential oils coNTAiNiiro oxtgeit. — These are very numerous ; two of 
the most interesting, bitter-almond and cinnamon-oil, have been already de- 
scribed, and may be considered typical of the rest. Among the others may 
be mentioned the oils of roses^ bergamot^ peppermint^ and other allied species, 
lavender, and cajeput. All these have been yet but imperfectly examined. 
Common camphor is a solid oil, or volatile fat, of this class ; it partakes of the 
general properties of the volatile oils, being vaporizable without change at a 
moderate heat, nearly insoluble in water, and soluble with facility in spirit. 
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It is composed of Cj^HgO. By oxidation by nitric acid, camphor yields cam- 
phoric aadi which contains C^Jtifi^^ and somewhat resembles in properties 
benzoic acid. 

EsssiTTiix OILS GOHTAiiriirG suLPHUB. — ^Thc most remarkable member of 
this class is the oil obtained by distillation from black mustard-seed. White 
mustard yields none. Both varieties give, by expression, a bland, fat oil. 
The volatile oil does not pre-exist in the seed, but is formed in the same 
manner as bitter-almond oil, by the joint action of water, and a peculiar 
coagulable albuminous matter, upon a substance yet imperfectly known, 
present in the grain, and termed myronic acid. 

The distilled oil, when pure, is colorless; it has a most powerful and suffo- 
cating smell, and a density of 1*015. It boils at 289^. Water dissolves it in 
small quantity, and alcohol and ether very freely. The oil itself, at a high 
temperature, dissolves both sulphur and phosphorus, and deposits them in 
a crystalline form on cooling. It is oxidized with violence by nitric acid, and 
by aqua regia. Alkalis decompose it by the aid of heat, with production of 
ammonia, an alkaline sulphuret, and a sulphocyanide. Mustard-oil gives by 
analysis Cg^Ujo'S ^Sfi^. 

With ammonia, this substance forms a very extraordinary compound, which 
crystallizes in colorless, rhombic prisms, easily soluble in hot water, alcohol, 
and ether. The solution is quite neutral, and is not precipitated by any of 
the ordinary re-agents. When mixed with solution of fixed alkali, it exhales 
no ammonia ; neither can the oil be again obtained from it by any known 
means. The ultimate composition of this curious body is expressed by the 
formula CgjHjjNgSgOg, which contains the elements of mustard-oil, and 4 
eq. of ammonia. 

The oils of horseradiskj onions, auafastiday and hops, contain sulphur, and 
consequently belong to the same series ; they have not yet been thoroughly 
examined. 

IIBSINS JlSTD balsams. 

Common resin, or colophony, furnishes perhaps the best example of the 
class. The origin of this substance has been already described. It is a mix- 
ture of two distinct bodies, having acid properties, called pmic and sybnc adds, 
separable from each other by their difference of solubility in cold and some- 
what dilute alcohol, the former being by far the most soluble of the two. 
Pure sylvic acid crystallizes in small, colorless, rhombic prisms, insoluble in 
water, soluble in hot, strong alcohol, in volatile oils, and in ether. It melts 
w^hen heated, but cannot be distilled without decomposition. The properties 
of pinic acid are very similar. Both have the same composition, viz., CgoHjgOj. 
A third resin-acid, also isomeric with the preceding, the pimaric, has been 
found in the turpentine of the pinvs maritiina of Bordeaux. 

Lac is a very valuable resin, much harder than colophony, and easily solu- 
ble in alcohol ; three varieties are known in commerce, viz., stide-lac, seed-lac, 
and shellac. It is used it. varnishes, and in the manufacture of hats, and very 
largely in the preparation of sealing-wax, of which it forms the chief ingre- 
dient. Crude lac contains a re'd dye, which is partly soluble in water. Lac 
dissolves in considerable quantity in a hot solution of borax ; Indian ink, 
rubbed up with this liquid, forms a most excellent label-ink for the laboratory, 
as it is unaffected by acid vapors, and, when once dry, becomes nearly insolu- 
ble in water. 

Mastic, Dammar-resm, and sa/ndaric are resins largely used by the varnish- 
maker. JDragon^s blood is a resin of a deep-red color. Copal is also a very 
valuable substance ; it differs from the other resins in being with difficult 
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dissolved by alcohol and essential oils. It is miscible, however, in the melted 
state with oils, and is thus made into varnish, jSmber appears to be a fossil 
resin ; it is found accompanying brown-coal or lignite. 

Caoutchouc.-— This curious, and now most useful substance, is the produce 
of several trees of tropical countries, which yield a milky juice, hardening by 
exposure to the air. In a pure state, it is nearly white, the dark color of com- 
mercial caoutchouc being due to the effects of smoke, and other impurities 
Its physical characters are well known. It is softened, but not dissolved by 
boiling water; it is also insoluble in alcohoL In pure ether, rectified native 
naphtha, and coal-oil, it dissolvtes, and is left unchanged on the evaporation of 
the solvent Oil of turpentine also dissolves it, forming a viscid, adhesive 
mass, which dries very imperfectly. At a temperature a little above the 
boiling'point of water, caoutchouc melts, but never afterwards returns to its 
former elastic state. Few chemical agents affect this substance; hence its 
great practical use, in chemical investigations, for connecting apparatus, &c. 
Anal3r8is shows it to contain nothing but carbon and hydrogen. 

Most of the resins, when exposed to destructive distillation, yield liquid, 
oily pyro-products, usually carburets of hydrogen, which have been studied 
with partial success. Great difficulties occur in these investigations; the task 
of separating from each other, and isolating bodies which scarcely differ but 
in their boihng-points, is exceedingly troublesome. 

Btilmnu are also, as before hinted, natural mixtures of resins with volatile 
oils. These differ very greatly in consistence, some being quite fluid, others 
solid and brittle. By keeping, the softer kinds often become hard. Balsams 
may be conveniently divided into two classes, viz., those which, like cormnon 
and Venice turpentitUy Canada balsam, copaiba balsam, &c., are merely natural 
varnishes, or solutions of resins in volatile oils, and those which contain ben- 
zoic or cinnamic add in addition, as Peru and Toh balsams, and the solid 
resinous benzoin, commonly called gum-benzoin. 
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SECTION VIII. 

COMPONENTS OF THE ANIMAL BODY. 



Albumiitous, or PROTEiirx Giyiir6 pbhtciples. Axbumen. — ^The fluid 
portion of blood which has been some time drawn from the living body, and 
the white of eggs, contain this substance as their chief and characteristic ingre- 
dient; it is in both cases associated with certain inorganic salts, and a small 
quantity of free soda, to which these liquids owe their alkaUne reaction. In 
like purest form in which albumen has yet been obtained it is insoluble, or 
nearly so, in water. If clear serum of blood, or white of egg mixed with a 
little water and filtered, be exactly neutralized by acetic acid, and then largely 
diluted with pure cold water, a copious fiocculent precipitate falls, which may 
be collected on a filter, and washed. In this state it is nearly colorless, inodor- 
ous, and tasteless; it dissolves with facility in water containing an exceedingly 
small quantity of caustic alkali, and gives a solution which has all the charac- 
ters of the original Uquid. When dried by gentle heat, it shrinks to a very 
small bulk and becomes a translucent, homy mass, which softens in water, 
and exhales when exposed to heat, the usual ammoniacal products of animal 
matter, leaving a bulky coal, very difficult of combustion. When white of egg 
is thinly spread upon a plate and exposed to evaporation in a warm place, it 
dries up to a pale yellow, brilliant, gum-like substance, destitute of all traces 
of czystalline structure. In this state it may be preserved unchanged for any 
leng^ of time, the presence of water being in all cases necessary to putrefac- 
tive decomposition. The dried white of egg may also be exposed to a heat of 
212° without alteration of properties. When put into slightly warm water, it 
foilens, and at length in great measure dissolves. When reduced to fine pow- 
der and washed upon a filter with cold water, common salt, sulphate, phos- 
phate, and carbonate of soda are dissolved out, together with mere traces of 
organic matter, while a soft, swollen mass remains upon the filter, which has 
all the characters of pure albumen obtained by precipitation. When dried and 
incinerated, this leaves nothing but a little phosphate of lime. 

It thus appears likely that albumen is really an insoluble substance, and that 
its soluble state in the animal system is due to the presence of a little alkali. 

When natural albumen is exposed to heat it solidifies, or coagulates. The 
temperature required for this purpose varies with the state of dilution. If the 
quantity of albumen be so great that the liquid has a slimy aspect, a heat of 
145® or 150° suffices, and the whole becomes solid, white and opaque; in a 
very dilute condition, boiling is required, and the albumen then separates in 
light, finely-divided flocks. Thus changed by heat, albumen becomes quite 
insoluble in water; it dries up to a yellow, transparent, horny substance, which 
when macerated in water, resumes its former whiteness and opacity. In dilute 
caustic alkali it dissolves with facility, and in this respect resembles the inso- 
luble albumen just described; it differs, however, from the latter in not being 
soluble in a strong solution of nitrate of potash, which dissolves with great 
ease that substance. The only chemical change that can be traced in the act 
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of coagulation is the loss of alkali and soluble salts, which are removed by the 
hot water. 

A solution of ordinary albumen gives precipitates with excess of sulphuric, 
hydrochloric, nitric, and me^aphosphoric acids ; but neither with acetic nor with 
common or tribasic phosphoric acid; both these acids having the property. of 
dissolving pure albumen. These precipitates are looked upon as direct com- 
pounds of albumen with the acids in question. Most of the metallic salts, as 
those of copper, lead, mercury, &c., form insoluble compounds with albumen, 
and give precipitates with its solution ; hence the value of white of e^ as an 
antidote in cases of poisoning with corrosive sublimate. Alcohol, added in 
large quantity, precipitates albumen. Tannic acid, or infiision of galls, gives 
with it a copious precipitate. By these characters the presence of albumen 
may be readily discovered, and its identification effected; a very feebly alkaline 
liquid, if containing albumen, coagulates l^ heat, becomes turbid on the addition 
of nitric acid, and, previously acidulated by acetic acid, gives a precipitate 
with solution of corrosive sublimate. It must be remembered, that a consider- 
able quantity of alkali prevents coagulation by heat, and the addition of acetic 
acid, indispensable to the mercury-test, produces the same effect 

The chemical composition of albumen has been carefully studied ; it con- 
tains in 100 parts — • 

Carbon 54-84 

Hydrogen 7-09 

Nitrogen 15*83 

Oxygen ....... 21*23 

Phosphorus '33 

Sulphur -68 



100- 

From this the highly complex formula C^QQHgjoNgQOjjQPSg is deducible. 

The existence of unoxidized sulphur in albumen is easily shown ; a boiled 
e^ blackens a silver spoon from a trace of alkaline sulphuret formed or sepa- 
rated during the coagulation ; and a solution of albumen in excess of caustic 
potash, mixed with a little acetate of lead, gives on boiling a black precipitate 
containing sulphuret of lead. 

FiBBiirs. — This substance is found in the animal body in two distinct state^ 
viz. in the solid form, in muscular fibre, and in solution, in the blood. A thin 
slice of muscular flesh washed in cold water until perfectly white affords an 
example of impure fibrine in the state first-mentioned, associated, however, 
with membranous matter, nerves and fat. It is procured in a far purer con- 
dition by washing the coagulum of blood in a cloth until all the soluble portions 
are removed, or by agitating fresh blood with a bundle of twigs, when the 
fibrine attaches itself to the latter, and is easily removed and cleansed by re- 
peated washing with cold water. The only then remaining impurity is a smaU 
quantity of fat which can be extracted by ether. In the fresh state fibrine 
forms long, white, elastic filaments, which under the microscope appear to be 
composed of small globules arranged in strings; it is quite tasteless, and inso- 
luble in both hot and cold water. By long-continued boiling it is partly dis- 
solved. When dried in vacuo, or at a gentle heat, it loses about 80 per cent 
of water, and becomes tran^ucent and horny; in this state it closely resembles 
coagulated albumen. Fresh fibrine wetted with concentrated acetic acid, 
forms, after some hours, a transparent jelly, which sl6wly dissolves in pure 
water; put into very dilute caustic alkcJi, fibrine dissolves completely, and the 

* Mulder, quoted by Berzelius, Lehrbach, Ix. p. 47. 
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soludon exhibits many of the characters of albumen. Phosphoric acid produces 
a similar efiect 

The fibrine of arterial and venous blood is not absolutely the same ; when 
the venous fibrine of human blood is triturated in a mortar with 1^ times its 
weight of water and i of its weight of nitrate of potash, and the mixture left 
24 hours or more at a temperature of 100^ — 120^, it becomes gelatinous, 
slimy, and eventually entirely liquid; in this condition it exhibits all the pro- 
perties of a solution of albumen which has been neutralized by acetic acid. 
It coagulates by heat, it is precipitated by alcohol, corrosive sublimate, &c^ 
and when largely diluted it deposits a flocculent substance, not to be distin- 
guished from insoluble albumen.* With arterial fibrine, on the contrary, no 
such liquefaction happens, and even the fibrine of venous blood, when long 
exposed to the air, or to oxygen gas, loses the property in questicm. • The 
fibrine of muscular flesh resembles that of venous blood. 

In the soluble state, fibriue is in great measure unknown ; when withdrawn 
from the influence of life, it coagulates spontaneously after a certain interval, 
giving rise to the production of the clot which appears in blood left to itself, 
and which consists of a kind of fme net-work of fibres, swollen with liquid 
serum, and enclosing the little red coloring particles of the blood, hereafter to 
be described. 

M. Mulder found dried fibrine, carefully freed from fat, to be composed as 
follows :— 

Carbon 54-56 

Hydrogen 6*90 

Nitrogen 1572 

Oxygen . ' 22*13 

Phosphorus *33 

Sulphur -36 



100- 

The formula, C^QQHjjQNgQOjjQPS, agrees with this result perfectly well. 

The ash, or incombustible portion of fibrine, varying from '7 to 2*5 per cent, 
consists chiefly of the phosphates of lime and magnesiEu 

Casxinx. — This is the characteristic azotized component of milk, and the 
basis of the various preparations termed cheese; it is not known to occur in 
any other secretion. Caseine very closely resemUes albumen in many parti- 
culars, and may even be occasionally confounded with it. Like that sub- 
stance, it is insoluble in water when in a state of purity, and only assumes 
the soluble condition in the presence of free alkali, of which, however, a very 
small quantiQT suffices for the purposcf To prepare caseine, fresh milk is 
gently warmed with dilute sulphuric acid, the coagulum produced well washed 
with water, dissolved in dilute solution of carbonate of soda, and placed in a 
warm situation to allow the fat or butter to separate from the watery liquid. 
The latter is then removed by a siphon, and re-precipitated by sulphuric acid. 
These precipitations and re-solutions in dilute alkali are several times repeated. 
Lastly, the insoluble caseine is well washed with boiling water, and treated 
with ether to remove the last traces of fat In this state it is a white curdy 
substance, not sensibly soluble in pure water or in alcohol, but dissolved with 
great ease by water containing a little caustic or carbonated alkali. It is also 
soluble to a certain extent in dilute acids, from which it may be precipitated 
by cautious neutralization. The precipitate formed by an acid in a strong 

* Liebig, HandwOrterbnch der Ghemie, i. p. 861. 

t Rochleder, Annalen der Chemie and Pharmacie, xlv. p. 2S3. 
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solution of caseine contains acid in combination, which, however, may be 
entirely removed by washing. In the moist state caseine reddens litmus 
paper, and masks the reaction of an alkaline carbonate. When incinerated, 
it leaves about '3 per cent of incombustible matter. 

A solution of caseine in very dilute alkali, as in milk, does not coagulate on 
boiling; hence it is easily disting(!dshed from albumen. On evaporation the 
surface becomes covered by a skin, and the whole eventually dries up to a 
translucent mass. Acetic acid precipitates caseine, which is another distinct- 
ive character between that substance and albumen. 

The most striking property of caseine is its coagulability by certain animal 
membranes. This is well seen in the process of cheese-making, in the pre- 
paration of the curd. A piece of the stomach of the calf, vrith its muooos 
memi»rane, is slightly washed, put into a large quantity of milk, and the 
whole slowly heated to about 122^. In a short time after this temperature 
has been attained, the milk is observed to separate into a solid, white coagu* 
lum, or mass of curd, and into a yellowish, translucent liquid called uAey. 
The curd contains all the caseine of the milk, much of the fat, and much of 
the inorganic matter ; tlie whey retains the milk-sugar and the soluble salts. 
It is just possible that this mysterious change may be really due to the forma- 
tion of a little lactic add from the milk-sugar, imder the joint influence of the 
slowly decomposing membrane, and the elevated temperature, and that this 
acid may be sufficient in quantity to withdraw the alkali which holds the 
caseine in solution, and thus occasion its precipitation in the insoluble state. 
The loss of weight the membrane itself suffers in this operation is very small; 
it has been found not to exceed j^^ part. 

Caseine has been carefully analyzed by Mulder; it contains in 100 parts, 

Carbon . . . . . . . 64*96 

Hydrogen 7*15 

Nitrogen 15*80 

Oxygen 21-73 

Sulphur -36 



100- 

The formula, C^oo^8io^80^i20^» agrees very closely with these numbers. 

A comparison of the composition of the three bodies described will enable 
the student at once to trace their curious and highly interesting chemical 
relations. The first two contain, as essential components, both phosphorus 
and sulphur, the proportions of which, small as they are, differ. The last 
contains no phosphorus, but sulphur only. So &r, however, as regards the 
carbon, hydrogen, oxygen, and nitrogen, the three tuhttances are in congtoatum 
identicaL 

pROTXiirx^ — When albumen, fibriae, or caseine is dissolved in a moderately 
strong solution of caustic alkali, filtered, and mixed with a slight excess of 
acid, a copious, snow-white, flocculent precipitate fells and a faint odor of 
sulphuretted hydrogen is evolved. The new substance is proteine;* it may 
be placed upon a filter, washed, dried and examined. It is tasteless and inso* 
loble, and much resembles caseine in properties, but is soluble in acetic acid. 
Dilute alkali dissolves it with great ease. It is quite indifferent which of the 
three albuminous princif^es be employed in the preparation of proteine; the 
result is the same. 

Proteine is found on analysis to contain the four organic elements, in the 

• So called from Wfimrttm^I take the first place; in allasion to its important relations 
to the albnminoas principles. 
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proportions in which they exist in albumen, fiforine, and caseine, and nothing 
besides. 100 parts yield, 





From albumen. 


From fibrine. 


From caBeine. 


Carbon 


55-30 


55-44 


55-16 


Hydrogen 


6-94 


6-95 


7-17 


Nitrogen 


16-02 


. . 16-05 


15-86 


Oxygen 


21-74 


21-56 


21-81 



100. 100- 100- 

( 

These numbers lead directly to the empirical formula C^o^si^s^is* 

There are two methods of interpreting the appearance or production of 
this remarkable substance. It may be that it pre-exists in the three natural 
albuminous principles, which on that supposition may be viewed as com- 
pounds of proteine with sulphur and phosphorus, or with sulphur only ; the 
probability may, on the other hand, be urged that proteine is merely a product 
of the action of alkalis on those bodies, the phosphorus and sulphur being 
at the same time separated, the first as phosphoric acid, and the second as 
sulphuret of the alkaline metal. 

When proteine, or substances which yield it, are boiled in strong solution 
of potash as long as ammoniacal vapors are given off, the liquid then neutral- 
ized with sulphuric acid, evaporated to dryness, and the product exhausted by 
boiling alcohol, three compounds are dissolved out, viz., a soluble, brown ex- 
tract-like substance, eryth^tprotide ; a soluble straw-yellow, substance, proHde, 
and a curious crystallizabie principle, leucine, which forms small colorless 
scales, destitute of taste and odor, soluble in water and alcohol, and in con- 
centrated sulphuric add without decomposition. When heated, it sublimes 
unchanged. Leucine contains CjgHjgNO^. 

Binoxide and tritoxide of proteine of Mulder. — These are products of the 
long-continued action of boiling water upon fibrine in contact with air j they 
are the chief ingredients also of the btiffy coat of blood in a state of inflamma- 
tion, being produced at the expense of the fibrine.* Binoxide of proteine is 
quite insoluble in water, but dissolves in dilute acids ; when dry it is dark- 
colored. This substance is constant in composition, containing C^HjjNgOy^. 
The soluble part of the fibrinedecoction contains tritoxide of proteine, C^JS^^ 
NgO]g-f-HO, which somewhat resembles, and has been confounded with, 
gelatine. It is freely soluble in alcohol and in dilute alkalis. Coagulated 
albumen is slowly dissolved by boiling-water, and converted into this sub^ 
Stance. 

When chlorine gas is passed to saturation into a solution of ordinary alfou* 
men, or either fibrine or caseine dissolved in ammonia, a white, flocculent, 
insoluble substance falls, which, when washed and dried, becomes a soft, yel« 
lowish powder. This is supposed to be a compound of chlorous acid and pro-> 
teine; when digested with ammonia, it yields sal-ammoniac and tritoxide of 
proteine. 

Gkultinb AiTD cHoiTDBiiiB.-* Animal membranes, skin, tendons, and even 
bones, dissolve in water at high temperature more or less completely, but 
with very difier ent degrees of facility, giving solutions which on cooling ac- 
quire a sod-solid, tremulous consistence. The substance so produced is termed 
gelatine; it does not pre-exist in the animal system, but is generated from the 
membranous tissue by the action of hot water. The jelly of calves' feet, 
and common size and glue, are familiar examples of gelatine in dififerent 
conditions of purity. Isinglass, the dried swimming bladder of the sturgeon, 
dissolves in water merely warm, and yields a beautifully pure gelatine. In 

* Muld«r, Annalen der Chemie und Pharmacie, xlvii. p. 323. 



412 COMPONENTS OF THE ANIMAL BODT. 

this state it is white and opalescent, or translucent, quite insipid and inodor- 
ous, insoluble in cold water, but readily dissolved by a slight elevation of 
temperature. Cut into slices and exposed to a current of dry air, it shrinks 
prodigiously in volume, and becomes a transparent, glassy, brittle mass, which 
is soluble in warm water, but insoluble in alcohol and ether. Exposed to de- 
structive distillation, it gives a large quantity of ammonia, inflammable gases, 
nauseous emp3rreumatic oil, and leaves a bulky charcoal containing nitrogen. 
In a dry state, gelatine may be kept indefinitely ; in contact with water, it 
putrefies. Long-continued boiling gradually alters it, and the solution loses 
the power of forming a jelly on cooling. One part of dry gelatine or isin- 
glass dissolved in 100 parts of water solidifies on cooling. 

An aqueous solution of gelatine is precipitated by alcohol, which withdraws 
the water ; corrosive suUimate in excess gives a white, flooculent precipitate, 
and the same happens with solution of nitrate of the sub- and protoxide of 
mercury; neither alum, acetate, nor sub-acetate of lead afifect a solution of 
gelatine. With taimic acid or infusion of galls, gelatine gives a copious, 
whitish, curdy precipitate, which coheres on stirring to an elastic mass« quite 
insoluble in water, and incapable of putrefaction. 

Chlorine passed into a solution of gelatine occasions a dense white precipitate 
of chlorite of gdatine^ which envelops each gas-bubble, and ultimately forms 
a tough, elastic, pearly mass, somewhat resembling fibrine. Boiling with 
strong alkalis, converts gelatine, with evolution of ammonia, into leucine, and 
a sweet, crystallizable principle, gelatine-mgar {glycicoU)^ which contains 

Dry gelatine, subjected to analysis, has been found to contain in 100 parts, 

Carbon 6006 

Hydrogen 6-47 

Nitrogen 18-35 

Oxygen 26.13 



100- 

From these numbers the formula Cj^Hj^NgOg has been deduced. This 
stands in no obvious relation to that of the proteine-compounds. 

The cartilage of the ribs and joints yields a gelatine difi^ering in some re- 
spects from the preceding ; it is called by way of distinction, chondrine. Ace- 
tate of lead and solution of alum precipitate this substance, which is not the 
case with common gelatine. Chondrine contains C^JS^^fi^. 

If a solution of gelatine, albumen, fibrine, caseine, or probably any one of 
the more complex azotized animal principles, be mixed with solution of sul- 
phate of copper, and then a large excess of caustic potash added^ the greenish 
precipitate first formed is re-dissolved, and the liquid acquires a purple tint 
of indescribable magnificence and great intensity. 

Grelatine is largely employed as an article of food, as in soups, &c., but its 
value in this respect has been to a certain extent questioned. In the useful 
arts, size and glue are consumed in great quantities. These are prepared 
from the clippings of hides, and other similar matters, enclosed in a net, and 
boiled with water in a large caldron. The strained solution gelatinizes on 
cooling, and constitute tize. Glue is the same substance in a state of desicca- 
tion, the size being cut into slices and placed upon netttings, freely exposed 
to a current of air. Gelatine is extracted fiom bones with much greater di(^ 

* According to Gerhardt glycicoU has the composition of C4H,N04. It unites with 
both acids and bases. The compounds formed with the acids are themselves acids, and 
combine with bases, giving rise to double salts. Gelatine sugar does not undergo fer- 
mentation. In its relations it bears more analogy to urea, than to any of the saccharino 
substances.— R.B. 
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ficulty; the best method of proceeding is said to be to enclose the bones^ pre- 
yioosly crushed in strong metallic cylinders, and admit high-pressure steam, 
which attacks and dissolves the animal matter much more easily than boiling 
water ; or to steep the bones in dilute hydrochloric acid, thereby remove the 
earthy phosphate, and then dissolve the soft and flexible residue by boiling. 

There is an important economical application of gelatine, or rather of the 
material which produces it, which deserves notice, viz., to the clarifying of 
wines and beer from the finely-divided suspended matter which often renders 
these liquors muddy and unsightly. When isinglass is digested in very dilute 
cold acetic acid, as sour wine or beer, it softens, swells, and assumes the 
aspect of a very light, transparent jelly, which although quite insoluble in the 
oold, may be readily mixed with a large quantity of watery liquid. Such a 
preparation, technically called finings, is used by the brewer and wine-mer- 
chant for the purpose before-mentioned ; its action on the liquor with which 
it is mixed seems to be purely mechanical, the gelatinous matter slowly sub* 
siding to the bottom of the cask, and carrying with it the insoluble substance 
to which the turbidity was due. 

CoMPOBiTioir OF THB BLOOD ;• BBBPiRATioN. — ^Thc blood is the general cir- 
culating fluid of the animal body, the source of all nutriment and growth, and 
the general material from which all the secretions, however much they may 
difler in properties and composition, are derived. Food or nourishment from 
without can only be made available by being first converted into blood. It 
serves also the scarcely less important office of removing and carrying off 
principles from the body which are hurtful, or no longer required. 

In all vertebrated animals the blood has a red color, and probably in all cases 
a temperature above that of the medium in which the creature lives. In the 
mammalia this is very apparent, and in the birds still more so. The heat of 
the blood is directly connected with the degree of activity of the respiratory 
process. In man flie temperature of the blood seldom varies much from 98° 
F., when in a state of health, even under great vicissitude of climate ; in birds 
it is sometimes as high as 109®. To these two highest classes of the animal 
kingdom, the mammifers and the birds, the observations about to be made are 
intended especially to apply. 

In every creature of this description, two kinds of blood are met with, 
which difler very considerably in their appearance, viz., that contained in the 
kft side of the heart, and in the arteries generally, and that contained in the 
r^A^,side of the heart, and in the veins; the former, or arterial blood, has a 
bright-red color ; the latter, the venotu blood, is blackish purple. Further, the 
conversion of the dark into the florid blood may be traced to what takes place 
during its exposure to the air in the lungs, and the (^posite change, to what 
takes place in the capillaries of the general vascular system, or the minute 
tubes or passages, distributed in countless numbers throughout the whole 
body, which connect the extremities of the arteries and veins. When com- 
pared together, little diflerence of properties or composition can be found in 
the two kinds of blood; the fibrine varies a little, that from venous blood 
being, as already mentioned, soluble in a solution of nitrate of potash, which 
is not the case with arterial fibrine. It is very prone, besides, to absorb 
oxygen, and to become in all probability partly changed to binoxide of pro- 
teine, which no doubt exists in the fibrine of arterial blood. The only other 
notable point of difference is the gaseous matter the blood holds in solution, 
carbonic acid predominating in the venous, and ftee oxygen in the arterial 
variety. 

In its ordinary state the blood has a slimy feel, a densi^ varying from 1*053 
to 1*057, and a decidedly alkaline reaction; it has a salhie and disagreeable 
taste, and when quite recent, a peculiar odor or haiUuB, which almost imme* 
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4iately disappears. An odor may, however, afterwards be developed by an 
addition of sulphuric acid, which is by some considered characteristic of the 
animal from which the blood was obtained. 

The coagulation of blood in repose has been already noticed, and its cause 
traced to the spontaneous solidification of the fibrine : the effect is best seen 
when the blood is received into a shallow vessel, and lell to itself some time. 
No evolution of gas, or absorption of oxygen takes place in this process. By 
strong agitation, coagulation may be prevented; the fibrine in this case sepa- 
rates la cohering filaments. 

To the naked eye the blood appears a homogeneous fluid, but it is not so 
in reality. When examined by a good microscope, it is seen to consist of a 
transparent and nearly colorless liquid, in which float about a countless multi- 
tude of little round red bodies, to which the color is due ; these are the bhod- 
disa or bbod-corptucles of microscopic observers. They are accompanied by 
a number of minute, colorless globules, some of which consist of fat, while 
the others are, perhaps, the matter of chyle. 

The bodies in question are found to present 
Fig. 162. di^rent appearances in the blood of different ani- 

mals: in the mammifers they look like little 
_ round red or yellowish discs, thin when com- 

®-a. ^-^ pared with their diameter, and having in the 

NB' '^ @ centre either a depression, or a small colorless, 

@@ transparent spherule or nucleus ; it is not certain 

© O which. In birds, lizards, frogs, and fish, the cor- 

^^ f^^ puscles are elliptical. In magnitude, they seem 

^PL-v^^^ ®@ to be pretty constant in all the members of a 

®^ ^ © @®Sf species, but differ with the genus and order. 
V-/ ^m In mfoa. they are very small, varying fi>rm ij^^^i^ |f 

to ^f^ffj^ih. of an inch in breadth, while in the 
frog the long diameter of the ellipse measures at 
least four times as much. The corpuscles con- 
sist essentially of the red coloring-matter of the 
blood. 

The coagulation of blood effects a kind of na- 
tural proximate analysis; the clear, pale serum, or fluid part, is an alkaline 
solution of albumen, containing various soluble salts ; the clot is a mechanical 
mixture of fibrine and coloring principle, swollen and distended with serum, 
of which it abtorbs a large but variable quantity. 

When the coagulum of Uood is placed upon bibulous paper, and drained 
as much as possible fh:>m the fluid portion, and then put into water, the co- 
loring matter dissolves, forming a magnificent crimson solution, which has 
many of the characters of a dye-stufil It contains albumen, and coagulates by 
heat and by the addition of alcohol ; this albumen cannot be separated, and 
all attempts to isolate the hematosine or red pigment have consequently failed. 
From its extreme susceptibility of change, nothing is known respecting it in 
a state of purity. The above watery solution, exposed with extensive surface 
in a warm place, dries up to a dark-red, brittle mass, which is again soluble 
in water. After coagulation, it becomes quite insoluble, but dissolves like 
albumen in caustic alkalis. Carbonic and sulphurous acids blacken the red 
solution ; oxygen, or atmospheric air, heightens its color ; protoxide of nitrogen 
renders it purple; while sulphuretted hydrogen, or an alkaline sulphuret, 
changes it to a dirty greenish black. 

Hematosine differs from the other animal principles in containing as an 
essential ingredient a remarkable substance not found elsewhere in the animal 
system, viz., the oxide o£ the metal iron. If a little of the dried clot of blood 
be calcined in a crucible and digested with dilute hydrochloric acid, a solu- 
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lion will be obtained rich in oxide of iron ; or if the solution of coloring matter 
just referred to, be treated with excess of chlorine gas, the yellow liquid sepa- 
rated from the grayish coagulum ibrmed will be found to give in a striking 
manner the well-known reactions of peroxide of iron. There is little doubt 
either about tiie condition of the metal ; oxide is withdrawn from the dry clot 
by the cautious addition of sulphuric acid, and without much alteration of the 
color of the mass.* It is well known that certain organic matters, as tartaric 
acid, prevent the precipitation of oxide of iron by alkalis, and its recognition 
by forrocyanide of potassium, and it is very likely that the blood may contain 
a substance or substances capable of doing the same. 

Hematosine, necessarily in a modified state, contains, according to Mulder, 
in 100 parts : 

Carbon 66-49 

Hydrogen 5*30 

Nitrogen 10-50 

Oxygen . . . . . . 11*05 

Iron 6-66 



100-t 

The following table represents the composition of healthy human blood as 
a whole ; it is on the authority of M. Lecanu.;^ 

(1.) (2.) 

Water 780-16 785-68 

Fibrine 2-10 3-67 

Albumen 65-09 69-41 

Coloring matter 133*00 119-63 

Crystallizable fat 2*43 4-30 

Fluid fat . . . . . . 1*31 2-27 

Extractive matter, of uncertain nature, so* ) --q -.q2 

luble in both water and alcohol . 5 

Albumen in combination with soda . . 1*26 2*01 
Chlorides of sodium and potassium ; car- ^ 

bonates, phosphates, and sulphates of > 8*37 7*30 

potash and soda . . . . ) 
Carbonates of lime and magnesia ; phos- ^ 

phates of lime, magnesia, and iron ; per- > 2*10 1*42 

oxide of iron } 

Loss 2-40 2*89 



1000* 1000* 

* Liebig, HandwSrtenbnch, i. p. 885. 

t According \o Mulder, hsematotine may be represented by the fbrmula C4«H„N,OgFe, 
the iron being in the metallic state, and the composition invariably the same, whether it 
be obtained from arterial or venous blood. The proof of the metalhc condition of the iron 
depends on the fact that when dried coagulum or pure red particles of blood are digested 
in strong sulphuric acid, hydrogen gas is evolved, and after some days a solution of the 
sulphate of protoxide of iron is obtained and may be separated by; the filter, while the 
insoluble red coloring matter will be left free from iron, but retaining its peculiar tint. 
Its formula is now C^Hg^NgOg. The difference of color between venous and arterial 
blood, in his opinion, is produced by a physical variation in the blood globules, producing 
a difference in the reflection of light, and the red coloring matter takes no part in the 
phenomena of respiration^ the function of a carrier of oxygen being |>erformed by the 
proteine of the blood, which, combining with oxygen in the capillaries of the lungs, 
ehanges the form and transparency of the envelop of the blood globules, and in the 
general capillary circulation is affain decomposed with a consequent change of form 
and transparency. The blood globules of arterial blood being transparent convex 
bodies, and in venous blood semi-opaque concave mirrors. — Lond. Med. Gaz., Deo., 
1844.~RH. 

t Ann. Chim. et de Phys., xlviii. p. 320. 
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In healthy individuals of different sexes these proportions are found to vary 
slightly, the fibrine and coloring matter being usually more abundant in the 
male than in the female ^ in disease, variations of a far wider extent are often 
apparent 

It appears singular that the red corpuscles, which are so easily dissolved by 
water, should remain uninjured in the fluid portion of the blood. This seems 
partly due to the presence of saline matter, and partly to that of albumen, the 
corpuscles being alilse insoluble in a strong solution of salt and in a highly 
albuminous liquid. In the blood the limit of dilution within which the cor- 
puscles retain their integrity appears to be nearly reached, for when water is 
added they immediately become attacked. 

Closely connected with the subject of the composition of the blood are those 
of respiration, and of the production of animal heat 

The simplest view that can be taken of a respiratory organ in an air- 
breathing animal, is that of a little membranous bag, saturated with moisture, 
and containing air, over the surface of which meanders a minute blood-vessel, 
whose contents, during their passage, are thus subjected to the chemical action 
of that air through the substance of the membranes, and in virtue of the solu- 
bility of the gaseous matter itself in the water with which the membranes are 
imbued. In some of the lower classes of animals, where respiration is slug- 
gish and inactive, these air-cells are few and large; but in the higher kinds 
they are minute, and greatly multiplied in number, in order to gain extent of 
surface, each communicating with the external air by the windpipe and its 
ramifications. 

Respiration is performed by the agency of the muscles which lie between 
and about the ribs, and by the diaphragm. The lungs are not nearly emptied 
of air at each expiration. Under ordinary circumstances about 15 cubic inches 
only are thrown out,*while by a forced effort as much as 50 or 60 cubic inches 
may be expelled. This is repeated about 18 times per minute, when the 
individual is tranquil and undisturbed. 

The expired air is found to have undergone a remarkable change; it is 
loaded with aqueous vapor, while a very large proportion of oxygen has disap- 
peared, and its place been supplied by carbonic acid; air once breathed con- 
taining enough of that gas to extinguish a taper. The total volume of the air 
seems to undergo but little change in this process, the carbonic acid being about 
equal to the oxygen lost This, however, wiU probably be found to depend 
very much upon the nature of the food ; it is likely that when fatty substances, 
containing much hydrogen, are used in large quantities, a disappearance of 
oxygen will be observed. Nitrogen is stated by some experimenters to be 
exhaled from the blood, which may sometimes happen. At any rate, no 
nitrogen is absorbed; the food invariably contains more of that element than 
the excretions. 

Whatever may be the difficulties attending the investigation of these sub- 
jects, — and difficulties there are, as the discrepant results of the experiments 
prove, — one thing is clear; namely, that quantities of carbon, and possibly some- 
times hydrogen, are daily oxidized in the body by the free oxygen of the atmo- 
sphere, and their products expelled from the system in the shape of carbonic 
acid and water. Now, if it be true that the heat developed in the act of com- 
bination is a constant quantity, and no proposition appears more reasonable, 
the high temperature of the body may be the simple result of this exertion of 
chemical force. 

The oxidation of combustible matter in the blood is effected in the capillaries 
of the whole body, not in the lungs, the temperature of which does not exceed 
that of the other parts. The oxygen of the air is taken up in the lungs, and 
carried by the bkxxl to the distant capillary vessels; by the aid of which, secre- 
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tioii, and all the mysterious functions of animal life, are undoubtedly performed : 
here the combutHon takes place, although how this happens, and what the ex- 
act nature of the combustible may be, beyond the simple fact of its containing 
carbon and hydrogen, yet remains a matter of conjecture. The carbonic acid 
produced is held in solution by the now venous blood, and probably confers, 
in great measure, upon the latter its dark color and deleterious action upon the 
nervous system. Once more poured into the heart, and by that organ driven 
into the second set of capillaries bathed with atmospheric air, this carbonic 
acid is conveyed outwards, through the wet membrane, by a kind offaUe dif- 
fiawn, constantly observed under such circumstances; while at the same time 
oxygen is, by similar means, carried inwards, and the blood resumes its bright- 
red color, and its capability of supporting life. Much of this oxygen is, no 
doubt, simply dissolved in the serum : the corpuscles, according to Professor 
Liebig, act as carriers of another portion, in virtue of the iron they contain, that 
metal being alternately in the state of peroxide and of protOKsarbonate ; of per- 
oxide in the arteries, and of carbonate of protoxide in the veins, by loss of 
oxygen, and acquisition of carbonic acid. M. Mulder considers the fibrine to 
act in this manner ; being true fibrine in the veins, and, in part, at least, an 
oxide of proteine in the arteries. These views are ingenious, and quite con- 
sonant with all that is known on the subject: too much weight must not, how- 
ever, be attached to any speculation of Uie kind. 

It would be very desirable to show, if possible, that the quantity of combusti- 
ble matter daily burned in the body is adequate to the production of the heating 
ef^ts observed. Something has been done with respect to the carbon. Com- 
parison of the quantities and composition of the food consumed by an individual 
in a given time, and of the excretions, shows an excess of carbon in the for- 
mer over the latter, amounting, in some cases, according to Liebig's estimation,* 
to 14 ounces; the whole of which is thrown off in the state of carbonic acid, 
from the lungs and skin, in the space of twenty-four hours. This statement 
applies to the case of healthy, vigorous men, much employed in the open air, 
and supplied with abundance of nutritious food. Females, and persons of 
weaker habit, who follow in*doors pursuits in warm rooms, consume a much 
smaller quantity; their respiration is less energetic, and the heat generated less 
in amount Those who inhabit very cold countries are well known to con- 
sume enormous quantities of food of a fatty nature, the carbon and hydrogen 
of which are, without doubt, chiefly employed in the production of animal heat. 
These people live by hunting: the muscular exertion required quickens and 
deepens the breathing; while, from the increased density of the air, a greater 
"weight of oxygen is taken into the lungs, and absorbed into the blood at each 
inspiration. In this manner the temperature of the body is kept up, in spite 
of the piercing external cold; a most marvellous adjustment of the nature of 
the food, and even of the incUnations and appetite of the man to the circum- 
stances of his existence, enable him to bear with impunity an atmospheric 
temperature which would otherwise destroy him. 

The carbon consumed in respiration in one day by a horse moderately fed, 
amounted, in a valuable experiment of M. Boussingault, to 77 ounces; that 
consumed by a cow, to 70 ounces. The determination was made in the man- 
ner just mentioned, viz., by comparing the quantity and composition of the 
excretions with the quantity and composition of the food. 

Chtlb. — A specimen examined by MM. Tiedemann and Gmelin, taken 
from the thoracic duct of a horse, was found closely to resemble, in composition 
and properties, ordinary blood ; the chief difference was the comparative a1> 
sence of coloring matter, the chyle having merely a reddish-white tint It 

* Animal Chemistry, p. 14. 
27 
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coagulated, after standing fbnr boon, and gave a red<colored clot, fmall iii 
• qnantitj, and a tuibid, reddiah-yello w seiom. The milkj appeaimnce of chy^te 
is due to fat globules, which sometimes confer the same character upon the 
serum of Uood. 

Lnipa.—- Under die name of lymph, two or mora fluids, very difiisiant in 
nature, have been confounded, namely, the fluid taken up by the absorbents of 
the alimentary canal, which is simply chyle, oontaining both fibrine and albu- 
men, and the flhid poured out, sometimes in prodigious quantities, from serous 
membranes, which is a very dilute solution of attmmen, containing a portion 
of sofaible salts of the blood. The Hqnor ammi of the pregnant female, and the 
fluid of dropsy, axe of this character. 

Muctrs Atm Ptrs.--*The slinky matter effused upon the sur&oe of various 
mucous membranes, as the lining of the alimentary canal, that of the bladder, 
of the nose, lungs, &&, to which the general name timau is given, piobebly 
varies a gooid deal in its nature in diflerent situations. It is commonly eidier 
colorless or slightly yellow, and tran^ucent or transparent ; it is quite insoluble 
in water, finrming, in the moist state, a viscid, gelatinous mass. In dilute 
alkalis it dissolves widi ease, and the sdntion is precipitated by an addition of 
acid. 

Pia,'the natural secretion of a wounded or otfaerwise injured surlhoe, is 
commonly a creamy, white, or yeliowirii Uquid, which, under the mieroaoope, 
appears to consist of multitudes of minute globules. It is neither acid xK»r 
alkaline. Mixed with water, it txnnmunicates a milkiness to the latter, but 
•after a time subsides. Caustic alkali does not dissolve pus, but converts it into 
a transparent, gelatinous substance, which draws out into threads. The pecu- 
liar ropinas thus produced with an alkali is the best character that can be given 
for distinguishing pus from mucus. 

VILK, BtX.X, VUllTB, AWD VRITfAlLt CAtCtTLt. 

Milk.-— The peculiar special secretion destined for the nourishment of the 
young is, so far as is known, very much the same in flesh-eating animals and 
in those which Uve exclusively on vegetable food. The proportions of the 
eonstituents may^ however, sometimes differ to a considerable extent. It will 
be seen hereafter that the substances present in milk are wonderfully adapted 
to its office of providing nmterials for the rapid growth and developmaat of the 
animal frame. It contains an azotized ihatter, caseine, nearly identical in com* 
position with muscular flesh, fatty principles, and a peculiar sugar, and, lastly, 
various salts, among which may be mentioned phosphate of lime, held in com- 
plete solution in a slightly alkaline liquid. This last is especially important to 
a process then in aotivityf the formation of bone. 

The white, and almost opaque, appearance of milk is an optical illusion ; 
examined by a microscope of even moderate power, it is seen to consiBt of a 
perfectly transparent fluid, in which float about numbers of transparent g^obule^ 
these consist of fat It is a natural enmbum^ or meohamcal mixture of fatty 
matter with a watery solution. 

When milk is suffered toremain at rest some hours at the ordinary tempera* 
ture of the air, a large proportion of the fat globules collect at the sur&oe into 
a layer of cream ; if this be now removed and exposed for some time to strong 
agitation, the fat-globules coalesce into a mass, and the remaining watery Uquid 
is expelled from between them and separated. The huUtr so produced must 
be thoroughly washed with cold water to remove as ^ as possible the last 
traces of caseine, which readily putrefies, and would in that case spoil the 
whole. A little salt is usually added. 

Ordinary butter still, however, contains some butter-milk, and when intended 
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fbt keeping ehould be cUm/kd, as it is termed, by fusion. The watery part 
then subsides, and carries with it the residue of the azotized matter. The flavor 
is unfortunately somewhat impaired by this process. The consistence of but- 
ter, in other words the proportions of margarine and oleine, is dependent upon 
the season, or more probably upon the kind of food; in summer, the oily por- 
tion is always more considerable than in winter. The volatile, odoriferous 
principle of butter, bu^rine, has been already referred to. 

The caseine of milk, in the state of cheese, is in many countries an im- 
portant article of food. The milk is usually heated to about 120^, and coa- 
gulated by rennety or an infusion of the stomach of the calf in water ; the 
curd is carefully separated by a sieve (Vom the whey, mixed with a due pro* 
portion of salt, and sometimes some coloring<matter, and then subjected to 
strong and increasing pressure. The fresh cheese so prepared being constantly 
kept cool and dry, undergoes a particular kind of putrefactive fermentation, 
veMy little understood, by which principles are generated which communicate 
a particular taste and odor. The goodness of cheese, as well as much of the 
difference of flavor perceptible in different samples, depends in great mea- 
sure upon the manipulation; the best kinds contain a considerable quantity 
of fat, and are made with new milk; the inferior descriptions are made with 
akimmed milk. 

Some of the Tartar tribes prepare a .kind of spirit from milk by suffering it 
to fermeat, widi frequent agitation. The caseine converts a part of the milk- 
sugar into lactic acid, and another part into grape-sugar, which in turn be- 
comes converted into alcohol. Mare's milk is said to answer better for this 
purpose than that of the cow. 

In a fresh state, and taken from a healthy animal, milk is always feebly 
alkaline. When left to itself, it very soon becomes acid, and is then found to 
contain lactic acid, which cannot be discovered in the fresh condition. The 
alkalinity is due to the soda, which holds the caseine in solution. In this 
soluUe form caseine possesses the power of taking up and retaining a very 
considerable quantity of phosphate of lime. The density of milk varies ex- 
ceedingly ; its quality usually bears an inverse ratio to its quantity. From a 
recent analysis of cow-milk in the fresh state by M. Haidlen,* the following 
statement of its composition in lOQO parts has been deduced: 

Water 87300 

Butter 30-00 

Caseine 4820 

Milk-sugar 43-90 

Phosphate of lime 2*31 

" magnesia .... *42 

« iron -07 

Chloride of potassium . . . . 1*44 

^ sodium *24 

Soda in combination with caseine . . *42 
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Human milk is remarkable for the difficulty with which it coagulates ; it 
generally contains a larger proportion of sugar than cow-milk, but scarcely 
differs in other respects. 

Bilk. — This is a secretion of a very different character from the preceding; 
the largest internal organ of the body, the liver, is devoted to its preparation, 
which is said to take place from venous, instead of arterial blood. The com* 

* Annalen der Chemie und Pharmacie, xlv. p. 263. 
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position of the bile has been made the subject of much invesdgation ; the 
following is a summary of the most important iacts which have been brou^t 
to light 

In its ordinary state bile is a very deep-yellow, or greenish, viscid, trans- 
parent liquid, which darkens by exposure to the air, and undergoes changes, 
which have been yet imperfectly studied. It has a disagreeable odor, a most 
nauseous bitter ta^ a cUstinctly alkaline reaction, and is miscible with water 
in all proportions. When evaporated to dr3mess at 212^, and treated with 
alcohol, the greater part dissolves, leaving behind an insoluble jelly of mucus 
of the gall bladder. This alcoholic solution contains coloring matter and cho- 
lesterine; from the former it may be freed by digestion with animal charcoal, 
and from the latter by a large admixture of ether, in which the bile is insolu- 
ble, and separates as a thick, sirupy, and nearly colorless liquid. The coloring- 
matter may also be precipitated by barytio-water. 

Pure bile thus obtained, when evaporated to dryness by a gentle heat, fonns 
a slightly yellowish, brittle mass, resembling gum-AraUc, It is completely 
soluble in water and absolute alcohol. The solution is not aifected by the 
vegetable acids; hydrochloric and sulphuric acids on the contrary give rise 
to turbidity, either immediately, or after a short interval. Acetate of lead 
partially precipitates it; the tribasic subacetate precipitates it completely; the 
precipitate is readily soluble in acetic acid, in alcohol, and to a certain extent 
in excess of acetate of lead. When carbonized by heat, and incinerated, bile 
leaves between 11 and 12 per cent of ash, consisting chiefly of carbonate of 
soda, with a little common salt and alkaline phosphate. Bile seems in fact 
to be essentially a soda-salt of a peculiar acid, distantly resembling the resinr 
ous and &tty acids, susceptible of isolation, and to which the term choleie or 
galknic add is given. 

Cboleic acid is thus prepared : 8 parts of dry purified bile are dissolved in 
a quantity of alcohol, one part of oxalic acid deprived of its water of crystal- 
lization added, and the whole heated to ebullition. AAer twelve hours' rest 
the solution is filtered from the crystals of oxalate of soda, diluted with WBter, 
digested with carbonate of lead to remove excess of acid, filtered, and treated 
with sulphuretted hydrogen ; the filtered liquid is lastly evaporated to dryness 
in a water-bath. The choleie acid much resembles pure bile, being an amor* 
phous, yellowish brittle substance of excessively bitter taste, soluble in 'water 
and alcohol, but not iu ether ; it has, however, a strong acid reaction. A small 
addition of mineral acid occasions the precipitation of some of the substance 
from a watery solution, thereby causing turbidi^ ; an excess redissolves it 
When artificially combined with soda, it acquires all the properties of the 
original bile, widi the exception of being rather more readily decomposed by 
an addition of acid.* 

Choleie acid contains nitrogen ; the formula to which Liebig gives the pre- 
fererence, and which agrees very well with tlie analytical results, is C^^H^ 
N2O22. 

Choleie acid undergoes decomposition by both acids and alkalis; when 
boiled for several hours with moderately strong hydrochloric acid, it yields a 
brownish, pitch like, bitter, fusible substance, nearly insoluble in water and 
ether, but soluble in alcohol, to which the term chohidic add is applied. It 
forms soluble salts witlj the alkalis, decomposes^ their carbonates with efier^ 
vescence, and is composed of CYjHggOjg. The acid mother-liquor contains a 
curious crystallizable substance called taurine^ together with sal-ammoniac, 
and, if bile has been used instead of choleie add, common salt It is evapo- 
rated to a small bulk, filtered from the saline matter, and mixed with alcohol; 

* Liebig, in Geiger's Pharmacie, i. p. 1570. 
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tiie' taurine separates in small needles, and may be purified by recrystalliza- 
tion. When pure, it forms colorless, 4>sided prisms, which have no odor and 
▼ery little taste ; it is neutral to test-paper, permanent in the air, and easily 
soluble in water; in spirit of wine it dissolves t* a very small extent, but is 
quite insoluble in absolute aloohoL Taurine is composed of C^Hi^NOiq,* or 
die elements of binoxalate of sonmonia plus 2 eq. of water. Ox-bile yields 
taurine; that of man gives none. 

ChoHc add is produced by boiling bile in a silver vessel with a very con- 
centrated solution of caustic potash until ammonia ceases to be disengaged ; 
water is added from time to time to prevent evaporation to dryness. The 
dark-colored soft mass is removed from the alkaline liquid, dissolved in water, 
acetic acid added in excess, and the whole mixed with two or three times its 
volume of ether, and agitated. The ethereal solution, left to evaporate spon- 
taneously, deposits the cholic acid in crystals. When pure, it forms transparent 
tetrahedrons, and sometimes fine needles, which are transparent and colorless ; 
it is easily soluble in alcohol and ether ; but with difficult in water ; it has a 
bitter taste, an acid reaction, and forms soluble salts with the alkalis. Cholic 
acid contains C^^HgQOjg. 

The coloring-matter of the bile forms the chief part of the concretions some- 
times met with in the gall-bladders of oxen, and which are much valued by 
painters in water-colors, as forming a magnificent yellow pigment It dissolves 
in caustic alkali without change of color, and when mixed with excess of 
nitric acid becomes successively green, blue, violet, red, and eventually yellow. 
The composition of this substance is unknown. 

The once celebrated oriental bezoar-^ones^ are apparently biliary calculi, said 
to be procured from a species of antelope; they have a brown tint, a concen- 
tric structure, tod a waxy appearance, and consist essentially of a peculiar 
and definite crystallizable principle, called KthofelHnic add. To procure this 
substance, the calculi are reduced to powder and e3±iausted with boiling alco- 
hol ; the dark solution is decolorized by animal charcoal, and left to evaporate 
by gentle heat, whereupon the lithofellinic acid is deposited in small, colorless, 
transparent six-sided prisms. It is insoluble in water, and with difficulty solu- 
ble in ether, but dissolves with ease in alcohol ; it melts at 402^, and at a 
higher temperature bums with a smoky flame, leaving but little charcoal. 
Lithofellinic acid dissolves without decomposition in concentrated acetio acid, 
and in oil of vitriol ; it forms a soluble salt with potash, and dissolves also in 
ammonia, but crystallizes out unchanged on evaporation. By analysis, litho- 
fellinic acid is found to consist of C^QH^gO,^. 

Ubikb. — ^The urine is the great channel by which the azotized matter of 
those portions of the body which have been taken up by the absorbents is 
conveyed away and rejected from the system in the form of urea ; it serves 
also to remove superfluous water, and sometimes foreign soluble matters 
which get introduced into the blood. 

The two most remarkable and characteristic constituents of urine, urea and 
uric acid, have already been fully described ; in addition to these it contains 
phosphates of lime and magnesia, alkaline salts, lactic acid and lactates accord- 
ing to some, and certain yet imperfectly known principles, including an odori- 
ferous and a coloring substance. 

Healthy human urine is a transparent, light amber-colored liquid, which, 
while warm, emits a peculiar, aromatic, and not disagreeable odor. This is 
lost on cooling, while ^e urine at the same time occasionally becomes turbid 
from a deposition of urate of ammonia, which re-dissolves with the least ele- 

* M. Redtenbacher has detected a considerable amount of sulphur in taurine, equal 
to 96 per cent. ; this would make the composition, C4HtNOgSg.— R. B. 
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vation of temperature. It is very decidedly acid to test>paper ; this acidity 
has been ascribed to free uric acid, and to free lactic acid; lactic acid can, 
however, hardly co-exist with urate of ammonia, and the amorphous bnff^ 
oolcved deposit obtained from fresh urine by spontaneous evaporation in vacua 
is not uric acid, but the ammoniarsalt of that substance. Dr. Beoce Jones* 
has shown besides, that urate of ammonia itself has invariably, when in scHu- 
tion, a distinctly acid reaction, and that its solubility is incsreased, as before 
observed, by the presence of common salt, which is alwayB found in the urine. 
Tliat a free add is sometimes present in the urine is certain, in this case die 
reaction to test-paper is &r stronger, ahd die liquid deposits on standing, HtUe^ 
red, haid crystals of uric acid; but this is no longer a normal secretion. 

The density of the urine varies from 1*005 to 1*035; about 1*020 to 1*023 
may be taken as the average specific gravity. A hi^ degree of density in 
mrine may arise from an unusually targe proportion of urea; in such a case 
.the addition of nitric acid will occasion an almost immediate producti(»i of 
crystals of nitrate of urea, whereas with urine of the usual degree of concen- 
tration half an hour 6t more will elapse before the nitrate begins to separate. 
The quantity passed depends much upon circumstances, as, upon the activity 
of the skin; it is usually more deficient in quantity and of higher density in 
summer than in winter. Perhaps about 32 ounces in die 24 hours may be 
assumed as a mean. 

When kept at a moderate temperature, urine quickly begins to decompose; 
it exhales an ofiensive odor, becomes alkaline firom the production of carbo- 
nate of ammonia, and turbid from the deposition of earthy phosphates. The 
carbonate of ammonia b due to the putrefactive decomposition of the urea, 
which gradually disappears; the ferment^ or active agent of the change, being 
apparently the mucus of the bladder, a portion of which is always voided 
with die urine. It has been found also that the yellow adhesive deposit fixxn 
stale urine is a most powerful ferment to the fre^ secretion. In this putrefied 
state urine is used in several of the arts, as in dyeing ; and forms, perhaps, 
the most valuable manure for land known to exist. 

Putrid urine always contains a considerable quantity of sulphuret of ammo- 
nium ; this is formed by the deoxidation of sulphates by the organic matter. 
The highly ofiennve odor and extreme pungency of the decomposing liquid 
may be prevented by previously mixing the urine, as Liebig su^^ests, with 
sulphuric or hydrochloric acid, in sufficient quantity to saturate all the am- 
monia that can be formed. 

An alkaline condition of the urine is sometimes met with, associated with 
a tendency to phosphatic deposits. Alkalinity can always be induced by the 
administration of neutral potash or soda-salts of a vegetable acid, as tartaric 
or acetic acid; the acid of the salt is burned in the blood in the process of 
respiration, and a portion of the base appears in the urine in the state of car- 
bonate. The urine is oflen alkaline in cases of retention, from a commence- 
ment of putrefitction in the bladder itself; but this is easily distinguished from 
true alkalinity, in which it is tecreted in that condition. 

The following is an analysis of human urine by Ber^elins. 1000 parts con- 
tained 

• Report of Proceedings of Med. Chir. Society ; Lancet, Dec M, 18t3. 
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Wate» 933*00 

Urea 30-10 

linctates and e^traetiYO matter* , . 17*14 

Uric acid • . 1-00 

Sulphates of potash and soda . • . 6*87 

Phosphate of soda 2*94 

^ of ammonia «... 1*65 

" of lime and magnesia . . 1*00 

Chloride of sodium 4*45 

Sal-ammoniac 1*50 

SUica 03 

Mucus of bladder ..... *32 
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In certain states of disorder and disease substances appear in the urine 
which are never present in the normal secretion; of these the most common 
is albumen. This is easily detected by the addition of nitric acid in excess, 
which then causes a white cloud or turbidity, or by corrosive sublimate, the 
urine being previously acidified by a little acetic acid; boiling causes muddi- 
ness, or even in extreme cases a coagulum, which is insoluble in nitric acid. 
Mere turbidity by boiling is no proof of albumen, the earthy phosphates being 
oilen thrown down irom nearly neutral urine under such circumstances ; the 
phosphatic precipitate is, however, instantly dissolved by a drop of nitric acid. 

In diahetes the uriiie contains grape-sugar, the quantity of which commonly 
increases with the progress of the disease, until it becomes enormous, the 
prine acquiring a density of 1*030 and beyond. It does not appear that the 
urea is deficient abtolutely, although more difficult to discover fVom being mixed, 
with such a mass of sirup. The smallest trace of sugar may be discovered 
in urine by Trommer's test formerly mentioned: a few drops of solution of 
sulphate of copper are added to the urine, and afterwards an excess of caustic 
potash; if sugar be present, a deep-blue liquid results, which^ on boiling 
deposits red suboxide of copper. With proper management, this test is very- 
valuable ; it will even detect sugar in the blood of diabetic patients.t Urine 
containing sugar, mixed with a little yeast, and put in a warm place, readily 
undergoes vinous fermentation, and afterwards yields, on distillation, weak 
alcohol, contaminated with ammonia. 

The urine of children is said sometimes to contain benzoic acid ; it is pos** 
sible that this may be hippuric acid. When benzoic acid is taken, the urine 
after a few hours yields on concentration, and the addition of hydrochloric 
acid, needles of hippuric acid, soiled by adhering uric acid* 

*.AI1 dark-colored, ancrystallizable substances, soluble bodi in water and alcol)^ol, 
were confouaded by the old chemists under the general name of eartroetwe matter. Th« 

Erogress of modern science constantly tends to extricate from this confused ma^s oivd 
y one the many definite organic principles therein contained in more or less modified 
forms, and to restrict within narrower limits the application of the term. In the above 
instance, the coloring matter of the urine, and it may be several other substances, are 
involved. 

Professor Liebig has quite rBcently published a very important paper on the urine ; he 
states that all his endeavors to obtain direct evidence of the existence of lactic acia in 
that secretion, either in a fresh or putrid state, completely failed. Putrid urine yielded 
a volatile acid in notable quantity, which turned out to be acetic acid; a little benzoic 
acid was also noticed, and traced to a small amount of hippuric acid in the recent urin^. 
The acid reaction of urine is ascribed to an acid phosphate of soda, produced by the 
partial decomposition of some of the common phosphate, the reaction of which is 
alkaline, by the organic acids (uric and hippuric) generated in the system, aided by th^ 
sulphuric acid constantly produced by the oxidauon of the proteine-compounds of the 
food, or rather of Hie body. — Lancet^ June^ 1844. 

t J>r. Jones, Med. Chirur. Trans., vol. xxvi. 
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The deposit of bufT-colored or pinkiah amorphous urate of ammonia which 
90 frequently occurs ia uriji&e upon cooling after unusual exercise, or slight 
derangement of health, may be at once distinguished from a deposit of am- 
monio-magnesian phosphate by its instant disappearance on the application 
of heat. The earthy phosphates, besides, are never deposited from urine 
which has an acid reaction. . The nature of. the red coloring-matter which so 
often stains urinary deposits, especially in the case of free uric acid, is yet 
unknown. 

The yellow principle of bile has been observed in urine in severe cases of 
jaundice. 

The urine of the carnivorous mammifers is small in quantity, and highly 
acid ; it has a very offensive odor, and quickly putrefies. In composition it 
resembles that of man, and is rich in urea. In birds and serpents the urine 
is a white, pasty substance, consisting almost entirely of urate of ammonia. 
In herbivorous animals it is /alkaline and often turbid from earthy carbonates 
and phosphates ; urea is still the characteristic ingredient, while of uric acid 
there is scarcely a trace j hippuric acid is usually, if not always, present, 
sometimes to a very large extent. When the urine putrefies, this hippuric 
acid, as already noticed, becomes changed to ammonia and benzoic acid. 

Urinaht calculi. — Stony concretions, differing much in physical charac- 
ters and in chemical composition, are unhappily but too frequently formed in 
the bladder itself, and give rise to one of the most distressing complaints to 
which humanity is subject Although many endeavors have been made to 
find some solvent or solvents for these calculi, and thus supersede the neces- 
sity of a formidable surgical operation for their removal, success has been but 
very partial and limited. 

Urinary calculi are generally composed of concentric layers of crystalline 
or amorphous matter, of various degrees of hardness. Very frequently the 
central point or nucleus is a small foreign body : curious illustrations of this 
w^ill be seen in any large collection. Calculi are not confined to man, the 
lower animals are subject to the same affliction ; they have been found in 
horses, oxen, sheep, pigs, and almost constantly in rats. 

The following is a sketoh of the principal characters Of the different 
varieties of calculi: — 

1. Uric acid. — These are among the most common; externally they are 
smooth or warty, of yellowish or brownish tint ; they have an imperfectly 
crystalline, distinctly concentric structure, and ar6 tolerably hard. Before 
the blow-pipe the uric acid calculus burns aWay. leaving a minute quantity of 
ash, which is often alkaline. It is insoluble in water, but dissolves with 
facility in caustic potash, with but little ammoniacal odor; the solution mixed 
with acid gives a copious white, curdy precipitate of uric acid, which speedily 
becomes dense and crystalline. Cautiously heated with nitric acid, and then 
mixed with a little ammonia^ it gives the characteristic reaction of uric acid, 
viz. deep purple-red murexide. 

2. Urate of ammonia. — Calculi of urate of ammoniai much resemble the 
preceding; they are easily distinguished, however. The powder bcnied in 
water dissolves, and the solution gives a precipitate of uric acid when mixed 
with hydrochloric acid. It dissolves also in hot caustic potash with copious 
evolution of ammonia. 

3. Fusible calculus; phospKatt of Ume, with phosphate of magnesia and am- 
monia. — This is one of Uie most common kinds. The stones are usually white 
or pale-colored, smooth, earthy, and soft; they often attain a large size. 
Before the blow-pipe this substance blackens from animal matter which earthy 
calculi always contain ; then becomes white, and melts to a bead with com- 
parative facility. It is insoluble in caustic alkali, but readily soluble in dilute 
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acids, and the solution is precipitated by ammonia. Calculi of nnmixed phos- 
phate of lime are very- rare, as are also those of phosphate of magnesia and 
ammonia ; the latter salt is sometimes seen forming small, brilliant crystals in 
cavities in the fusible calculus. 

4. Oxalate of lime calculus; muiberry caktUm.-^The latter name is derived 
from the rough, warty character, and dark blood-stained aspect of this variety; 
it is perhaps the worst form of calculus. It is exceedingly hard ; the layers are 
thick and imperfectly crystalline. Before the blow-pipe the oxalate of lime 
bums to carbonate by a moderate red heat, and when the flame is strongly 
urged, to quicklime. It is soluble in moderately strong hydrochlotic acid, by 
heat, and very easily in nitric acid. When finely-powdered and long boiled 
in a solution of carbonate of potash, oxalate of potash may be discovered in 
the filtered liquid, when carefully neutralized by nitric acid, by white precipi- 
tates with solutions of lime, lead, and silver. A sediment of oxalate of lime 
in very minute, transparent, octahedral crystals, only to be seen by the mi- 
croscope, is of common occurrence in urine in which a tendency to urate of 
ammonia deposit exists. 

5. Cystic and zantkic oxides have already been described ; they are very rare, 
especially the latter. Calculi of cystic oxide are very crystalline, and often 
present a waxy appearance externally ; sediments of cystic oxide are some- 
times met with. As before -mentioned, this substance is a definite crystalliza- 
ble organic principle, containing sulphur to a large amount ; it is soluble both 
in acids and alkalis. When the solution in nitric acid is evaporated to dry- 
ness, it blackens; when dissolved in a large quantity of caustic potash, a drop 
of solution of acetate of lead added, and the whole boiled, a black precipitate, 
containing sulphuret of lead, makes its appearance. By these characters cys- 
tic oxide is easily recognized. ' 

Xanthic oxide, also a definite organic principle, is distinguished by the pecu- 
liar deep yellow color produced when its solution in nitric acid is evaporated 
to dryness; it is soluble in alkalis, but not in hydrochloric acid. 

Very many calculi are of a composite nature, the composition of the differ- 
ent layers being occasionally changed, or alternating ; thus urate of ammonia 
and oxalate of lime are not unfrequently associated in the same stone. 

ITE&YOUS SUBBTAKCS; HSHBHAITOUS TISSUE; BOITES. 

Nervous substaitce.—- The brain and nerves consist of a kind of balfVx)a- 
gulated albuminous substance, containing several remarkable fatty principles, 
capable of being extracted by alcohol and ether, some of which are yet very 
imperfectly known, and about 80 per cent, of water. Besides cholesterine, 
and a little ordinary fat, separated in the manner mentioned, M. Fremy* de- 
scribes two new bodies, cerebric acid and oleo-pho^horic acid. The first is 
solid, white, and crystalline, soluble without difficulty in boiling alcohol, and 
forming with hot water a sofl, gelatinous mass. It melts when heated, and 
decomposes almost immediately afterwards, exhaling a peculiar odor, and 
leaving a quantify of charcoal which contains free phosphoric acid, and is in 
consequence very difficult to burn. It combines with the alkahs, but forms 
insoluble compounds. Cerebric acid contains in 100 parts, 

* Ann. China, et Phys., 3d Series, ii. p. 463. 
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Caibon 66-7 ' 

Hydrogen 106 

Nitrogen 2-3 

Oxygen . . . . 19*5 

Phosphonis *9 

100- 

The oleo-phosphoric acid has been even less perfectly studied than the pre- 
ceding substance. It is of soft, oily consistence, soluble in hot alcohol and 
ether, and saponifiable. When boiled with water, it is resolved into a fluid 
neutral oil, called cebroUinej and phosphoric acid, which dissolves. 

The oily matter of the brain is sufficient in quantity to form with the albu- 
minous portion a kind of emulsion, which, when beaten itp, remains long 
suspended in water. 

MsMBSAKons TISSUES ; SKiir. — ^The composition of the many gelatine-giv- 
ing tissues of the body is in great measure unknown ; even that of gelatine 
itself is very doubtful, as several different substances may very possibly be con- 
founded under this name. Dr. Scherer* has given, among many others, ana- 
lyses of the middle coat of the arteries, which will serve as an excunple of a 
finely-organized, highly-elastic membrane, and of the coarse epidermis of the 
sole of the foot, with which it may be contrasted. 





Artery coat. 


Epidermis. 


Carbon 


53-75 


51-04 


Hydrogen 


7-08 


6-80 


Nitrogen 


15-36 


17-23 


O^iygen 


23'81 


24-93 
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A little sulphur was found in the epidermis. Hair, horn, nails, wool, and 
feathers, have a nearly similar compo^tion ; th^ all dissolve with disengage- 
ment of ammonia in caustio potash, and the solution, when inixed with acid, 
deposits a kind of proteine, common to the whole. It is useless assigning 
formuls to substances yet so little understood. 

The principle of tanning, of such great practical value, is easily explained. 
When the skin of an animal, carefully deprived of hair, iat, and other im- 
purities, is immersed in a dilute solution of tannic acid, the animal matter 
gradually combines with that substance as it penetrates inwards, forming a 
perfectly insoluble compound, which resists putrefaction completely ; this is 
leather. In practice, lime-water is used for cleansing and preparing the skin, 
and an infusion of oak-bark, or sometimes catechu, or other astringent matter, 
lor the source of tannic acid. The process itself is necessarily a slow one, as 
dilute solutions only can be safely used. Of late years, however, various con- 
trivances, some of which show great ingenuity, have been adopted widi more 
or less success, for quickening the operation. All leather is not tanned; 
glove-leather is dressed with alum and common-salt, and afterwards treated 
with a preparation of the yolks of eggs, which contain an albuminous matter 
and a yellow oil. Leather of this kind still yields size by the action of boiling 
water. 

BoHSS. — ^Bones are constructed of a dense cellular tissue of membranous 
matter, made stiff and rigid by insoluble earthy salts, of which a peculiar 
phosphate of lime is the most abundant The proportions of earthy and ani- 

* Annalen der Chemie and Pharmaeie, xl. p. 1. 
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Ami matter way very much with the kind of bone, and with the ag« of the 
individual, as will be seen in the following taUe, in which the correspcnoding 
bones of an adult and of a still4x)rn child are compared. 





▲DfriT. 


CHILD. 






A 


Femur 


/ ' •>>" ^ -^ 

Inorganic Organic 
matter. matter. 

62-49 . 37-51 


Inorganic Organic 
matter. matter. 
57-51 . 42-49 


Humerus 


6302 . 36-98 


58-08 . 41-92 


Radius 


60-51 . 39-49 


56-50 . 43.50 


Os temporum 
Costa 


63-50 . 36.50 
57-49 . 42-51 


55-90 . 44-10 
53-75 . 46-25 



The bones of the adult being ooiistantly richer in earthy salts than those of 
the infant 

The following complete comparative- analysis of human and ox-bones is 
due to B^zelius. 



Animal matter soluble by boiling 
Vascular substance 
Phosphate of lime, with a ) 
little fluoride of calcium 5 
Carbonate of lime 
Phosphate of magnesia 
Soda, and a little common-salt . 



Human bones. 
32-17 ) 
1-13 5 

53-04 

11-30 
1-16 
1-20 

100- 



Ox-bones. 
* 33-30 

57-35 

3-85 
205 
3-45 

100- 



The teeth have a very similar composition, but contain less ammal UMitter; 
their texture is much more solid and compact The enamel does not contain 
more than 2 or 3 per cent of animal matter. 



OK THE VUirCTIOlT 01* HUTBITIOir IV THE AlflXA'L AKD TSCKETABLE 

KlireDOKS. 

The constant and unceasing waste of the animal body in the process of re- 
spiration, and in the various secondary changes therewith connected, necessii* 
tates an equally constant repair and renewal of the whole frame by the de* 
position or organization of matter from the blood, which is thus gradually 
impoverished. To supply this deficiency of solid material in the circulating 
fluid is the office of the food. The striking contrast which at first appears in 
the nature of the food of the two great classes of animals, the vegetable feed- 
ers and the carnivorous races, diminishes greatly on close examination j it will 
be seen that so far as the materials of blood, or, in other words, those devoted 
to the repair and sustenance of the body itself, are concerned, the process is 
the same. In a flesh-eating animal great simplici^ is observed in the con- 
struction of the digestive organs ; ^e stomach Is a mere enlargement of the 
short and simple alimentary canal ; and the reason is plain ; the fixxl of the 
creature, fiesh, is absolutely identical in composition with its own blood, and 
with the body that blood is destined to nourish. In the stomaoh it undergoes 
mere solution, being bron^t into a state fitted for absorption by the lacteal 
vessels, by which it is nearly all taken up, and at once conveyed into the 
blood ; the excrements of such animals are little more than the comminuted 
bones, feathers, hair, and other matters, which refiise to dissolve in the 
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Stomach. The same condition, that the food employed for the nourishment 
of the body must have the same or nearly the same chemical composition as 
the body itself, is really fulfilled in the case of animals that live exclusively 
on vegetable substances. It has been shown* that certain of the azotized 
principles of plants, which often abound, and are never altogether absent, 
have a chemical composition and assemblage of properties which assimilate 
them in the closest manner, and it is believed even identify them, with the 
proteine-giving principles of the animal body ; vegetable albumen, fibrine, 
and caseine are not to be distinguished from the bodies of the same name 
extracted from blood and milk. 

If a portion of wheaten flour be made into a paste with water, and caur 
tiously washed on a fine metallic sieve, or in a cloth, a grayish, adhesive, 
elastic, insoluble substance will be left, called gltUen, and a milky liquid will 
pass through, which by few hours' rest becomes clear by depositing a quantity 
of starch. If now this liquid be boiled, it becomes again turbid from the pro- 
duction of a flocculent precipitate, which, when collected, washed, dried, and 
purified from fat by boiling with ether, is foimd to have the sam^ composition 
as animal albumen. The gluten itself is a mixture of true vegetable fibrine, 
and a small quantity of a peculiar azotized matter called gliadine, to which 
its adhesive properties are due. The gliadine may be extracted by boiling 
alcohol, together with a thick, fluid oil, which is separable by ether; it is gluey 
and adhesive, quite insoluble in water, and, when dry, hard and translucent 
like horn ; it dissolves readily in dilute caustic alkali, and also in acetic acid. 
The fibrine of other grain is unaccompanied by gliadine ; barley and oatmeal 
yield no gluten, but incoherent filaments of nearly pure fibrine. 

Vegetable albumen in a soluble state abounds in the juice of many soft sae- 
culent plants used for food : it may be extracted from potatoes by macerating 
the sliced tubers in cold water containing a little sulphuric acid. It coagulates 
when heated at a temperature dependent upon the degree of concentration, 
imd cannot be distinguished when in this state from boiled white of egg in a 
divided condition. 

Almonds, peas, beans, and many of the oily seeds contain a principle 
which bears the most striking resemblance to the caseine of milk. When a 
solution of this substance is heated, no coagulation occurs, but a skin forms 
on the surface, just as with boiled milk. It is coagulable by alcohol, and by 
acetic acid ; the last being a character of importance. Such a solution mixed 
with a little sugar, an emulsion of sweet almonds for instance, left to itself, 
soon becomes sour and ciirdy, and exhales an ofiensive smell; it is then found 
to contain lactic acid. 

All these substances dissolve in caustic potash with production of a small 
quantity of alkaline sulphuret; the filtered solutions mixed with excess of 
acid give precipitates of one and the same substance, proteine. " 
• The following is the composition in 100 parts of vegetable albumen and 
fibrine ; it will be seen that they agree very closely with the results before 
given. 



Albumen. 

Carbon • . . . , 55*01 
Hydrogen .... 7*23 
Nitrogen .... 15-92 
Oxygen, sulphur and phosphonis 21-84 


FibriiM 

64-60 

7-30 

15-81 

22-29 



100. 100- 

* Liebig, Ann. der Chem. und Pharm., xxxix. p. 129. 
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The composition of vegetable caseine, or kgumine, has not been so well made 
out; so much discrepancy appears in the analyses as to lead to the supposition 
that different substances have been operated upon. 

The great bulk, however, of the solid portion of the food of the herbivora 
consists of bodies which do not contain nitrogen, and therefore cannot 3rield 
sustenance in the manner described; some of these, as vegetable fibre or lig- 
nine, and waxy matter, pass unaltered through the alimentary canal ,* others, 
as starch, sugar, gum, and perhaps vegetable fat, are absorbed into the system, 
and afterwards disappear entirely : they are supposed to contribute very largely 
to the production of animal heat 

On these principles. Professor Liebig* has very ingeniously made the dis- 
tinction between what he terms plastic ekmenU of nutritionj and eUmentt of 
rapiration; to the former class belong 

Vegetable fibrine, 
Vegetable albumen, 
J Vegetable caseine, 
Animal flesh, 
Blood. 



To the latter, 



Fat, 
Starch, 
Gum, 
Cane sugar, 



Grape sugar, 
Milk sugar, 
Pectine, 
Alcohol? 



In a flesh-eating animal the waste of the tissues is very rapid, the tempera- 
ture being, as it were, kept up in great measure by the burning of azotized 
matter; in a vegetable feeder it is probably not so great, the non-azotized sub- 
stances being consumed in the blood in place of the organic febric. 

When the muscular movements of a healthy animal are restrained, a genial 
temperature kept up, and an ample supply of food containing much amylaceous 
or oily matter given, an accumulation of fat in the system rapidly takes place; 
this is well seen in the case of stall<fed cattle. On the other hand, when food 
is deficient, and much exercise is taken, emaciation results. These efiects are 
ascribed to diflerences in the activity of the respiratory function ; in the first 
instance, the heat-food is supplied ^ter than it is consumed, and hence accu- 
mulates in the form, of fat ; in the second, the conditicms are reversed, and the 
creature is kept in a state of leanness by its rapid consumption. The fat of an 
animal appears to be a provision of nature for the maintenance of life during 
a certain period under circumstances of privation. 

The origin of fat in the animal body has recently been made the subject of 
much animated discussion ; on the one hand it is contended that satisfactory 
evidence exists of the conversion of starch and saccharine substances into fat, 
by a separation of carbon and oxygen, the change somewhat resembling that 
of vinous fermentation; it is argued on the other side, that oily or fatty matter 
is invariably present in the food supplied to the domestic animals, and that 
this fat is merely absorbed and deposited in the body in a slightly modified 
state. The question can only be decided by direct and most careful quawtitor' 
tive experiments, which are yet wanting. 

It is not known in what manner digestion^ the reduction in the stomach of 
the food to a nearly fluid condition, is performed. The natural secretion of 
that organ, the gattric Juue^ is said to contain a very notable quantity of free 

* Animal Chemistry, p. 08. 
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hydroeblorie add. Dilute hydioohloiic acid, aided by a temperature of 98^ or 
100^, dissolyes ooagulated albumen, fibrine, &c. ; but many hours are requited 
for the purpose. The gastric secretion has been supposed to contain a peculiar 
organic principle, called pepmme^ said to hare been isolated, to which this sol- 
vent power is, in conjunction with the hydrochloric acid, attributed. But an 
artificial mixture containing pepsiae scarcely dissolves flbrine or boiled white 
of e^ more easily than the dilute acid. The characters of pepsine itself also 
are ie indefinite as to lead to great doubt of its individuality.* 

The food of animals, or rather that portion of the food which is destined to 
the repair and renewal of the firame itself^ is thus seen to consist of substances 
identical in composition with the body it is to nourish, or requiring but little 
chemical change to become sa 

The chemical phenomena observed in the animal system resemble so Sea 
those produced out of the body by artificial means, that they are all, or nearly 
all, so far as is known, changes in a descending series ; albumen and fibrine 
are probably more complex compounds than gelatine or the membrane which 
fun^sh^s it ; this in turn has a faix greater complexity of constitution than urea, 
the regular form' in which rejected azotized matter is conveyed out of the body. 
The animal lives by the assimilation into its own substance of the most complex 
and elaborate products of the organic kingdom ; products which are, and, ap- 
parently, can only be, formed under the influence of vegetable life. 

The existence of the plant is maintained in a manner strikingly dissimilar : — 
the food supplied to vegetables is wholly inorganic; the carbonic acid of* the 
atmosphere, the water which falls as rain, or is deposited as dew; the minute 
trace of ammoniaoal vapor present in the air; the alkali and saline matter 
extracted from the soil; — ^such are the substances which yield to plants the 
elements of theit growth. That green healthy vegetables do possess, under 
circumstances to be mentioned immediately, the property of decomposing car- 
bonic acid absorbed by their leaves from the air, or conveyed thither in solution 
through the medium of their roots, is a hex positively proved by direct experi- 
ment, and rendered certain by considerations of a very stringent kind. To 
effect this very remarkable decomposition, the influence of light is indispensa^ 
ble ; the diflTuse light of day suffices in some degree, but the direct mys of the 
sun greatly exalt the activity of the process. The carbon separated in this 
manner is retained in ^e plant in union with the elements of water, wit 
which nitzogen is also sometimes associated, while the oxygen is thrown off 
into the air firom the leaves in a pure and gaseous condition. 

The effect of ammoniaoal salts upon the growdi of plants is so remarkable 
•8 to leave little room Son doubt concerning the peculiar function of the am- 
monia recently discovered in the air. Plants which in their cultivated state 
contain, and consequently require; a large supply of nitrogen, as wheat, and the 
eereals in general, are found to be greatly benefitted by the application to the 
land of such substances as putrefied urine, which may be looked upon as a 
solution of carbonate of ammonia, the gwonof of the South Seas, which usually 

f Amon« the substancAB neeessary to the fanetions of dlgeitlon, diastase of animal 
origin has latterly been made to take a part The view taken by Miajlhe of digestion is, 
that the essential agents in this process are dilute acid, pepsine, and diastase, the two 
former being constituents of the gastric juice, the latter derived from the salivary and pan- 
ereatiefflands. The action of the acid is to swell up and moisten the aliment, rendering 
it fit to be acted on by the pepsine. Under these circumstances fibrine. gluten and albu- 
men dissolved in the weak acid exhibit many of the chemical properties of caseine, it is 
coagulated by pepsine, but the coagulum is immediately dissolved by an excess of Ais 
principle md completely changed in character. The pepsine has no influence on amy- 
laceous matters, these are acted upon by the diastase aiia by conversion in dextrine and 
sugar become soluble.— R. B. 

f Guano is the partially decomposed dung of birds; found in immense quantity on 
some of the barren islets of the western coast of South America, as Ihat of Peru. More 
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contains a large proportion of ammoniacal salt, and even of pure sulphate of 
ammonia. Some of these manures doubtless owe a part of their value to the 
phosphates and alkaline salts they contain ; still, the chief effect is certainly 
due to the ammonia. 

Upon the members of the vegetable kingdom thus devolves the duty of 
building up, as it were, out of the inorganic constitutents of the atmosphere, — 
the carbonic acid, the water, and the ammonia, — ^the numerous complicated 
organic principles of the perfect plant, many of which are afterwards destined 
to become the food of animals, and of man. The chemistry of vegetable life 
is of a very high and mysterious order, and the glimpses occasionally obtained 
of its general nature are few and rare. One thing, however, is manifest, 
namely, the wonderful relations between the two orders of organized beings, 
in virtue of which the rejected and refiise matter of the one is made to con- 
stitute the essential and indispensable food of the other. While the animal 
lives, it exhales incessantly from its lungs, and often from its skin, carbonic 
Bcid I when it dies, the 8of\ parts of its body undei^ a series of chemical 
dianges of degradoiion^ which terminate in the production of carbonic acid, 
water, carbonate of ammonia, and, perhaps, other products in small quantity. 
These are taken up by a fresh generation of plants, which may in their turn 
serve for food to another race of animals. 

recently, similar deposits have been found on the coast of Southern Africa. The guano 
now imported into England from these localities is UBually a soft, brown powder of 
various shades of color. White specks of bone-earth, and sometimes masses of saline 
matter, may be found in it That which is most recent, and probably most valuable as 
manure, oAen contains nndecomposed uric acid, besides much oxalate or hydroohlorate 
of ammonia, and alkaline phosphates, and other salts ; it has a most offensive odor. The 
specunens ti^en from older deposits have but little smell, are darker in color, contain no 
uric acid, and much less ammoniacal salt; the chief components are bone-earth, a pecu- 
liar dark-colored organic matter, and soii^ble inorganic salts. 
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SECTION IX. 



ON CERTAIN PRODUCTS OF THE DESTRUCTIVE DISTILLATION 
AND SLOW PUTREFACTIVE CHANGE OF ORGANIC MATTER. 



SUBSTAirCXS OBTAIirXB YROX TAB. 



Thsbs are three principal varieties of tar : (I.) tar of the xoood-vinegar maker, 
procured by the destructive distillation of dry, bard wood ; (2. Stockholm toTy 
so largely consumed in the arts, as in ship-building, &c^ which is obtained by 
exposing to a kind of rude dittiUatio per desceruum the roots and useless parts 
of resinous pine and fir-timber; and lastly, (3.) coal or miner cU tar, a by-pro- 
duct in the manufacture of coal-gas. This is viscid, black and ammoniacal. 

All these tars yield by distillation, alone or with water, oily liquids of ex- 
tremely complicated nature, from whidi a number of curious products, to be 
presently described, have been procured; the solid brown or black residue 
constitutes pitch. Hard-wood tar furnishes the following : 

Paraffiite; tar-oil steariite. — ^This remarkable substance is found in 
that part of the wood-oil which is heavier than water ; it is extracted by re- 
distilling the oil in a retort, collecting, apart the last portions, gradually adding 
a quantity of alcohol, and exposing the whole to a low temperature. Thus 
obtained, paraffine appears in the shape of small, colorless needles, fusible at 
110° to a clear liquid, which on solidifying becomes glassy and transparent 
It is tasteless and inodorous; volatile without decomposition ; and burns, when 
strongly heated, with a luminous yet smoky flame. It is quite insoluble in 
water; slightly soluble in alcohol ; freely in ether; and miscible in all pro- 
portions, when melted, with both fixed and volatile oils. The most energetic 
chemical reagents, as strong acids, alkalis, chlorine, &c., fail to exert the 
smallest action on this substance ; it is not known to combine in a definite 
manner with any other body, whence, its extraordinary name, from parum 
affinU. 

Paraffine contains carlx)n and hydrogen only, and in the same proportions 
as in olefiant gas, or C H. M. Leroy, of Copenhagen, makes it C^gHgi. The 
rational formula is of course unknown. 

EupioiTE.* — ^This is the chief component of the light oil of wood-tar; it 
occurs also in the tar of animal matters, and in the fluid product of the dis- 
tillation of rape-seed oil< Its separation is effected by the agency of concen- 
trated sulphuric acid, or of a mixture of sulphuric acid and nitre, which ox- 
idizes and destroys most of the accompanying substances. In a pure state it 
is an exceedingly thin, limpid, colorless liquid, of agreeable aromatic odor, but 
destitute of taste ; it is the lightest known liquid, having a density of *655. 
At 116° it boils and distils unchanged. Dropped upon paper, it makes a 
greasy stain, which after a time disappears. Eupione is very inflammable, 
and burns with a bright, luminous flame. In water it is quite insoluble, in 
rectified spirit nearly so, but with ether and oils fVeely miscible. 

Eupione is a hydrocarbon ; according to M. Hess, it consists of C^H^. 

* From ftf, good, beautiful, and mcF) fat. 
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Other volatile oils, having a similar origin, and perhaps a similar composi- 
tion, but differing from the abo^e in specific gravity and boiling-point, are 
sometimes confounded with eupione. The study of these substances presents 
many serious difficulties* It is even doubtfbl whether the eupione be not 
formed by the energetic chemical agents employed in its supposed purification, 
and this remark applies with even greater force to the next three or four tar- 
products to be noticed. 

PiCAXAR.* — ^A component of the heavy oil of wood j it is a viscid, color- 
less, oily liquid, of feeble odor, but intensely bitter taste. Its density is 1*096, 
and it boils at 518°. It is insoluble in water, but dissolves in all proportions 
in alcohol, ether^ and the oils. The most characteristic property of picamar 
is that of forming with the alkalis and ammonia crystalline compounds, which, 
although decomposed by water, are soluble without change in spirit. The 
composition of this substance is unknown. 

Kapitomor.'I' — Such is the name given by Dr. Reichenbach to another oily 
liquid obtained from the same source as the last, by a long and complex pro- 
cess, in which strong solutions of caustic potash are freely used. It is de- 
scribed as a colorless, volatile oil, of high boUing-point, and rather lighter 
than water; it has an odor of ginger, and a taste, feeble at first, but afterwards 
becoming connected with an insupportable sense of suffocation. Water refuses 
to dissolve it; alcohol and ether take it up easily; and oil of vitriol coml»nes 
with it, giving rise to a complex acid, the potash-salt of which is crystallizable. 
Its composition is unknown. 

Cbdbirst.;]: — ^The lighter oil of hard-wood tar contains a substance, separa- 
ble from the eupione, &c., by caustic alkalis, which in contact with oxidizing 
agents, as persulphate of iron, chromic acid, or even atmospheric air, yields 
a mass of small, red, reticulated crystals, infusible by heat, and soluble in 
concentrated sulphuric acid with deep indigo-blue color. This substance is 
insoluble in water, alcohol, and ether; nothing is known respecting its com- 
position. 

PiTTAKAL. — The name is derived from two Greek words signifying pitch 
or resin, and beautifid; it is found in the heavy oil of wood, but has been very 
imperfectly described. The characteristic property of pittakal is to form with 
barytes a compound wHch assumes in the air a fine purple or blue tint, 
gradually passing into black. 

Krso80ts.§ — ^This is by far the most important and interesting body of the 
group; its discovery is due to Dr. Reichenbach; it is the principle to which 
wood-smoke owes its power of curing and preserving salted meat and other 
provisions. Kreosote is most abundantly contained in the heavy oil of beech- 
tar, as procured from the wood- vinegar maker, and is thence extracted by a 
most tedious and complicated series of operations; it certamly pre-exists, 
however, in the original material. The tar is distilled in a metallic vessel, 
and the different products collected ftpart; the most volatile portion, which is 
lighter than water, and consists chiefly of eupione, is rejected; the second 
portion is denser, and contains tlie kreosote, and is set aside ; the distillation 
is stopped when paraffine begins to pass over in quantity^. Tlie impure kreo- 
sote is first agitated with carbonate of potash to remove adhering acid, sepa- 
rated, and re-distilled, the first part being again rejected ; it is next strongly 
shaken with a solution of phosphoric acid, and again distilled ; a quantity of 
ammonia ia thus separated. Afterwards, it is dissolved in a solution of caustic 

* From ptj;, and amaruSj in allusion to its bitter taste. 

t From *aino(, smoke. /«*•«?«, part. 

t From eedrium^ the old name for acid tar-water, and r<fe, a net. 

i Derived from K;i«(, flesh, and 0'«^«, I preserve. 
28 
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potash of specific gniTity 1*12, and decanted from the insolnble oil which 
floats on the surface ; this alkaline liquid is boiled, and left some time in con- 
.tact with air, by which it acquires a brown color £rom the oxidation of some 
yet unknown substance present in the crude product The compound of 
kreosote and alkali is next decomposed by sulphuric acidj the separated kreo- 
sote again dissolved in caustic potash, boiled in the air, and the solution 
decomposed by acid, and this treatment repeated until the product ceases to 
become colored by the joint influence of oxygen and the alkaline base. 
When so far purified, it is well washed with water, and distilled from a little 
hydrate of potash. The first portion contains water; that which succeeds is 
pure Ipreosote. 

In this condition ki^eosote is a colorless, somewhat viscid oily liquid of 
great refractive and dispersive power. It is quite neutral to test-paper ; it 
has a penetrating and ipiost peculiar odor, that, namely, of smoked meat, and 
a pimgent and almost insupportable taste when placed in very small quantity 
upon the tongue. The density of this substance is 1*037, and its boiling-point 
.397^ F. It inflames with difficulty, and then burns with a smoky hght 
When quite pure, it is inalterable by exposure to the air; much of the kreo- 
sote of commerce becomes, however, under these circumstances, gradually 
brown. 100 parts of cold water take up about 1^ parts of kreosote ; at a high 
temperature rather more is dissolved, and the hot solution abandons a portion 
on cooling. The kreosote itself absorbs water also to a considerable extent 
In acetic acid it dissolves in much larger quantity. Alcohol and ether mix 
with kreosote in all proportions. Concentrated sulphuric acid, by the aid of 
heat, blackens and destroys it Caustic potash dissolves kreosote with great 
facility, and forms with it a definite compound, which crystallizes in brilliant 
pearly scales. 

£reosote consists of carbon, hydrogen, and oxygen, but its exact composition 
is yet uncertain. 

- The most remarkable and characteristic feature of the compound in ques* 
tion is its extraordinary antiseptic power. A piece of animal flesh steeped 
in a very dilute solution of kreosote dries up to a mummy-like substance, bqt 
absolutely refuses to putrefy. The well-known efficacy of impure wood- 
vinegar in preserving provisions is with justice attributed to the kreosote it 
contains ; and the eflect of mere wood-smoke is also thus explained. In a 
pure state, kreosote is sometimes employed by the dentist £)r relieving tooth- 
ache arising from putre&ctive decay in the substance of the tooth. 

Chrtses- and Ptbek. — ^M. Laurent extracted from pitch, by distillation at 
a high temperature, two new solid bodies, to which he gave the preceding 
names; they condense together, with a quantity of oily matter, partly in the 
neck of the retort, and partly in the receiver, and are separated by the aid of 
ether. Ckryaen, so called from its golden color, is a pure yellow, crystalline 
powder, which fuses by heat, and sublimes without much decomposition. It 
|s insoluble in water and alcohol, and nearly insoluble in ether ; warm oil of 
vitriol dissolves it, with the development of a beautiful deep-green color, 
filing nitric acid converts it into an insoluble red substance, which has been 
tidied. Chrysen is composed of CgH. It has the same composition as 
idrialine^ the fossil fat of the mercury mines of Idria. 

Pyren diflers from the preceding substance in being colorless, crystallizal^e 
in small, soft, micaceous scales, soluble in boiling alcohol and ether. It is 
fusible and volatile. Pyren contains CgH^. 

Oil of ordinary tar, obtained by distillation alone, or with water, consists in 
great measure of imaltered oil of turpentine, mixed, however, with empyreu- 
matic oily products, which give it a powerful odor and a dark color. The 
residual pitch contains much pine-resiin, and thus diflers frpm the solid portion 
of the hard-wood tar so flrequentiy mentioned. 
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Volatile principles of codUar, 

Coal-tar yields on distillation a large quantity- of thin, dark-colored, volatile 
oil, which, when agitated with dilute sulphuric acid to remove ammonia, and 
twice rectified with water, becomes nearly colorless j it is very volatile, much 
lighter than water, very inflammable, and possesses in a high degree the pro- 
perty of dissolving caoutchouc, on which account it is very extensively used in 
the manufacture of water proof &brics containing that material. 

It appears that this coal-oil, or artificial naphtha, is a mixture of a number of 
hydrocarbons, some of which possess basic properties, and form crystallizable 
compounds with acids; at least a variety of difierent substances have been 
pxocured from the liquid in question ; the remark formerly made respecting 
the doubtful pre^xistence of substapces thus obtained also applies here. The 
great bulk of the ooalKnl appears to be made up of a neutral volatile oil, resem- 
l^ing eupione; the basic principles to be described constitute but a small port 
of the whole.* 

Ktakol Airn LxukoIn— When a large mass of ooal-oil is strongly agitated 
with concentrated solution of hydrochloric acid, an aqueous acid liquid results, 
which contains these substances, and is easily withdrawn from beneath the 
oily stratum by a siphon. By distillation widi a shght excess of hydrate of 
lime, the acid is withdrawn, and the mixed bases, io a very impure condition, 
liberated. These, when separated and purified by methods too tedious to be 
here described, are thus distinguished: — Kyand is a thin, oily, colorless liquid, 
of feint but agreeable vinous odor, and arcnnatic, burning taste ; it is very vola- 
tile, but nevertheless has a high boiling-point, 358^. In the air it gradually 
becomes yellow, and acquires a resinous consistence. Its density is 1'028. 
Water cUssolves kyanol to a certain extent, and also combines chemically with 
it, forming a hydrate; alcohol and ether are miscible with it in all proportions. 
Kyanol is quite destitute of alkaline reaction to test-paper, and in this respect 
differs from the volatile alkalcnds of hemlock and tobacco, which in other 
respects it much resembles. The oxalate and the sulphate are the best-defined 
salts. The reaction with chloride of lime is exceedingly characteristic, and in 
fact gave name to the substance. A little of the oil dropped into a solution of 
this salt gives rise to a violet-oolored, cloudy precipitate, which fills the entire 
vessel. The tint rapidly changes to dirty red; an efiect which is accelerated 
by the addition of an acid. 

Kyanol is composed of Ci^H^N. 

Leukol has somewhat the odor of bitter-almonds ; it is colorless, and consider- 
ably less volatile than the preceding substance. Its density is 1*081. It is 
slightly soluble in water, and miscible in all proportions with alcohol, ether, 
and essential oils. Leukol has no alkaline reaction, but forms salts with acids, 
which, generally speaking, are not so crystallizable as those of kyanol. It is 
miafiected by solutk>n of bleaching-powder. 

This substance contains CjgHgN. 

Another supposed component of ooal-oil is carbolic add; this is procured by 
the following process : 12 parts of the oil, 2 parts of hydrate of lime, and 50 
parts of water, are intimately mixed, and left in contact for some time. The 
aqueous solution is then decomposed with hydrochloric acid, and the separated 
oil purified by cautious (Ustillation, the first third only being collected. Pure 
carbolic acid is described as a colorless, oily liquid, which sometirhes, under 
unknown circumstances, assumes a crystalline Ibrm. It has a very penetrat- 
ing odor and burning taste, and destroys the skin. Its density is 1*062, and it 
boils at 386^. It is slightly soluble in water, destitute of acid reaction, and 

* Hoffinaan, Ann. der Chim. and Pharm., xlvil. p. 43. 
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fonns with the alkalis a series of soluble crystallizable salts. Carbolic acid is 
described by M. Laurent under the name of hydrate ofphenyle; it is composed 
of CigHgO. 

Several other substances obtained from ooal-oil have been incompletely 
described. 

Naphthaliitx.*— When, in the distillation of coal-tar, the last portion of the 
volatile oily product is collected apart and left to stand, a quantity of solid, 
crystalline matter separates, which is principally composed of the substance in 
question. An additional quantity may ^ obtained by pushing the distillation 
until the contents of the vessel begin to char ; the naphthaline then condenses 
in the solid state, but dark-colored and very impure. By simple sublimation, 
once or twice repeated, it is obtained perfectly white. In this state naphtha- 
line forms large, colorless, transparent, brilliant, crystalline plates, which exhale 
a faint and peculiar odor, which has been compared to that of the narcissus^ 
Naphthaline melts at 176^ to a clear, colorless liquid, which crystallizes on 
cooling; it boils at 413^, and evolves a vapor whose density is 4*528. When 
strongly heated in the air, it inflames and bums with a red and very smoky 
light It is insoluble in cold water, but soluble to a slight degree at a boiling 
temperature ; alcohol and ether dissolve it easily ; a hot saturated alcoholic 
solution deposits fine iridescent crystals on cooling. 

Naphthaline is found by analysis to contain CjqH^. 

Naphthaline dissolves in warm concentrated sulphuric acid, forming a red 
liquid, which, when diluted with water, and saturated with carbonate of baryta, 
yields salts of at least two distinct acids, analogous to sulphovinic acid. One 
of these, the tn/fyho-naphtkaUc acid of Mr. Faraday, crystallizes from a hot aque* 
ous solution in small white scales, which are but sparingly soluble in the cold. 
The free acid is obtained in the usual manner by decomposing the barytarsalt 
with sulphuric acid; it forms a colorless, crystalline, brittle mass, of acid, me- 
tallic taste, very deliquescent, and very soluble in water. The second baryta- 
salt is still less soluble than the preceding. The composition of these substances 
is yet very uncertain. 

Fuming nitric acid, at a high temj>erature, attacks naphthaline ; the products 
are numerous, and have been attentively studied by M. Laurent. The same 
chemist has described a Vmg series of curious products of the action of chlorine 
on naphthaline. 

The history of the formation of naphthaline is rather interesting; it is, per- 
haps, the most stable of all the more complex compounds of carbon and hydro- 
gen: in a vessel void of free oxygen it may be heated to any extent without 
decomposition ; and indeed, where other carburets of hydrogen are exposed to 
a very high temperature, as by passing in vapor through a red-hot pctrcelain 
tube, a certain quantity of naphdialine is almost invariably produced. Hence 
its presence in coal and other tar is mainly dependent upon the temperature 
at which the destructive distillation of the organic substance has been con- 
ducted. Lamp-black very frequently contains naphthaline thus accidentally 
produced. 

Parahaphthaliitb. — ^This substance occurs in the naphthaline of ooal-tac, 
and is separated by the use of alcohol, in which ordinary naphthaline is freely 
soluble, but paranaphthaline almost totally insoluble; in other respects it much 
resembles naphthaline. The crystals obtained hf sublimation are, however, 
usually smaller and less distinct It melts at 356°, and boils at 570°, or above. 
Its best solvent is oil of turpentine!. Paranaphthaline has the same composition 
as napththaline itself; the density of its vapor is, however, different, viz., 6-741. 
Its composition may be represented by the formula Cj^H^ 
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Pit-coal, KgwU€ or brown coal, jet, bittimefu of various kind, petroleum or rodc' 
oil, and napktka, and a few other allied substances more rarely met with, are 
looked upon as products of the decomposition of organic matter, especially 
vegetable matter, beneath the surface of the earth ; in situations where the 
conditions of contact with water, and nearly total exclusion of atmospheric 
air, are fulfilled. Deposited at the bottom of seas, lakes or rivers, and subse- 
quently covered up by accumulations of clay and sand, hereafter destined to 
become shale and gritstone, the organic tissue undergoes a kind of fermenta- 
tion by which the bodies in question, or certain of them, are slowly produced. 
Carbonic acid and carburetted hydrogen are by*products of the reaction; 
hence their frequent disengagement, the first from beds of lignite, and the 
second from the further advanced and more perfect coal. 

The vegetable origin of coal has been placed beyond doubt by microscopic 
research ; vegetable structure can be thus detected even in the most massive 
and perfect varieties of coal when cut into thin slices. In coal of inferior 
quality, much mixed with earthy matter, it is evident to the eye; the leaves 
of ferns, reeds, and other succulent plants, more or less resembling those of 
^e tropics, are found in a compressed state between layers of shale or slaty 
clay, preserved in the most beautiful manner, but entirely converted into 
bituminous coal. The coal-mines of Europe, and particularly those of our 
own country, furnish an almost complete fossil flora ; a history of many of the 
now lost species which once decorated the surface of the ear^. 

In the lignites the woody structure is much more obvious. Beds of this 
material are foimd in very many of the newer strata, above the true coal, to 
which they are consequently posterior. As an article of fuel, brown-coal is 
of comparatively small value ; it resembles peat, giving but little flame anil 
emitting a disagreeable, pungent smell. 

Jet, used for making black ornaments, is a variety of lignite. 

The true bitumens are destitute of all organic structure ; they appear to 
have arisen from coal or lignite by the action of subterranean heat, and very 
dosely resemble some of the products yielded l^ the destructive distillation 
of those bodies. They are very numerous, and have yet been but imperfectly 
studied. 

1. Mineral pitch, or contact bitumen, the a^haltum, or Jew^s pitch of some 
authors. — ^This substance occurs abundantly in many parts of the world; as, 
in the neighborhood of the Dead Sea in Judea ; in Trinidad, in the fiimous 
pitch lake, and elsewhere. It generally resembles in aspect common pitch, 
being a little heavier than water, easily melted, very inflammable, and bum- 
ing with a red, smoky flame. It consists principally of a substance called 
by M. Boussingault agphaltene, composed of C^HjgOg. It is worthy of remark, 
that M. lAurent found paranaphthaline in a native mineral pitch. 

2. liRnercU tar seems to be essentially a solution of asphaltene in an oily 
fluid called petrulene. This has a pale yellow color and peculiar odor ; it is 
lighter than water, very combustible, and has a high bcdling-point It has the 
same comfx)sition as the oils of turpentine and lemon*peel, namely C^H^. 
Asphaltene contains, consequently, the elements of petrolene together with 
a quantity of oxygen, and probably arises from the oxidation of that sub- 
stance. 

3. EloMtic bitumen; mineral caoutchouc. — ^This curious substance has only 
been found in three places : in a lead-mine at Castleton, in Derbyshire ; at 
Montrelais, in France; and in the State of Massachusetts. In the two latter 
localities it occurs in the coal-series. It is fusible, and resembles in many re* 
spects the other bitumens. 
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Under the names petroleum and naphtha are arranged yarious mineral oils, 
which are observed in many places to issue from the earth, often in consider- 
able abundance. There is every reason to suppose that these owe their origin 
to the action of internal heat upon beds of coal, as they are usually found in 
connection with such. The term naphtha is given to ^e thinner and purer 
varieties of rockoil, which are sometimes nearly colorless ;. the darker and 
more viscid liquids bear the name of petrekum. 

Some of the most noted localities of these substances are the following : — 
The North-west side of the Caspian Sea, near Baku, where bed» of marl are 
found saturated with naphtha. Wells are sunk to the depth of about 30 feet, 
in which naphtha and water collect, and are easily separated. In some parts 
of this district so much combustible gas or vapor rises from the ground, that, 
when set on fire, it continues burning, and even oSbxdB heat for ecc»iomical 
purposes. A large quantity of an impure varie^ of petroleum eomes from 
the Birman territory in the East Indies ; the country consists of sandy clay, 
resting on a series of alternate strata of sandstone and shale. Beneath these 
occurs a bed of pale blue shale loaded with petroleum, which lies immediately 
on coal. A petroleum^spring exists at Colebrook Dsile, in Shropshire. The 
sea near the Cape de Verd Islands has been seen covered with a film of rock- 
oil. The finest specimens of naphtha are furnished by Italy, wh^e it occurs 
in several places. 

In proof of the origin attributed to these substances may be cited an expe- 
riment of Dr. Reichenbach, Who, by distilling with water about 1 00 lbs. of 
pit-coal, obtained nearly two ounces of an oily liquid exactly resembling the 
natural naphtha of Amiano in the Duchy of Parma. 

The variations of color and consistience in different specimens of these bo- 
dies certainly depends in great measure upon the presence of pitchy and fatty 
substances dissolved in the more fluid olL Dr. Gregqry found paraffine in 
petroleum from Rangoon. 

The boiling-point of rock-oil varies from about 180® to near 600®: a ther- 
mometer inserted into a retort in which the oil is undergoing distillation, never 
shows for any length of time a constant temperature. Hence, it is inferred 
to be a mixture of several different substances. Neither do the different vari- 
eties of naphtha give similar results on analysis; they are all, however, car- 
burets of hydrogen. The use of these substances in the places where they 
abound is tolerably extensive ; they oflen serve the inhabitants for fuel, light, 
&c. To the chemist pure naphtha is valuable, as offering facilities for the pre- 
servation of the more oxidable metals, as potassium and sodium. 

The following are of rajer occurrence. 

Retinites or Jtetinasphaltf is a kind of fossil resin met with in brown coal; 
it has a yellow, or reddish color, is fusible and inflammable, and readily dis- 
solved in great part by alcohol. The soluble portion, the retinic acid of Prof. 
Johnstone, contains CjiHj^Og. Hatchetine is a somewhat similar substance 
met with in mineral coal at Merthyr-Tydvil, and also near Loch Fyne, in 
Scotland. Idrialine has been already .mentioned; it is found associated with 
native cinnabar, and is extracted from the ore by oil of turpentine, in which 
it dissolves. It is a white, crystalline substance, scarcely volatile widiout de- 
composition, but slightly soluble in alcohol and ether, and composed of C,H. 

Ozokerite ox foam! wax, is found in Moldavia, in a layer of bituminous shale; 
it is brownish, and has a somewhat pearly appearance; it is fusible below 
212®, and soluble with difficulty in alcohol and ether, but easily in oil of tur- 
pentine. It appears to contain more than one definite principle. 
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ON THE EQIJIVALENT NUMBERS. 



The table of equivalent numbers given in the body of the work at p. 152 
is chiefly taken firom the tables of the Lehrhudi of BerzeUus, being, in great 
measure, the results of the inquiries of that distinguished philosopher. The 
equivalents of arsenic, antimony, phosphorus, and coliimbium' have been 
doubled from motives of convenience. The equivalents of a few of the more 
important substances have been revised by subsequent investigations, and the 
altered numbers have been adopted in certain cases mentioned below. 

Calcium. — ^Dumas,* and Erdmann and Marchand,*]' make the equivalent of 
calcium exactly 20. This differs somewhat from the miat recent determin&> 
tion of BerzeUus j; by a different process, viz., 20*15. The former number had' 
been provisionally adopted. 

Carbon. — ^The equivalent of carbon deduced by Dumas from his experiments 
on the combustion of the diamohd$ is exactly 6. Similar experiments by 
Erdmann and MEUrdhandJI lead to the like conclusion. The mmibers deduced 
by MM. Liebig and RedtenbacherlT from the analysis of certain silver-salts of 
organic acids is 6*07; which, after all, does not differ very considerably from 
the whole number. Bd,ron von Wrede,** again, makes the density of oxygen 
1*1052, and that of carbonic acid 1*5204; the difference, *4152 referred to the 
oxygen, gives the combining number for carbon=6*01. The whole number 
has been adopted. 

Chlorine.^*It is exceedingly important that the equivalent of chlorine 
should be well established. The method adopted by Berzelius,ff and which 
also has been followed by I>r. Tumer4l|l Pelous:e,§$ and Marignac,|||i consists 
in decomposing by heat a known weight of pure and dry chlorate of potash, 
and thus determining the relation between the equivalent of chloride of potas- 
sium and that of oxygen, the number 8 being assumed for the latter. The 
proportions in which silver and chlorine unite are then determined by direct 
experiment; and lastly, the quantity of chloride of silver pikxluced from a 

* CompteB rendus, xiv. p. 537. 

t Ann. Cfaim. et Phys., 3d Seri<)S, viii. p. 207. 

i Annalen der Chemie und Pharmacie, xlvi. p.'SIt* 

§ Ann. Chim. et Phys., 3d Series, i; p. 5. 

il Annalen der Chem. ui^d Pharm,) zliv. p. S10. 

^ Idem.j xzzviii. p. lid. 
•♦Idem., xliv. p. Sll. 
tt Lehrbucb, v. p. 106. ^ 

XX Phil. Trans, for 1833, p. 523. 
§^ Comptes renduB, xiv. p. 950. 
Ull Annalen der Chem. und Pharm.', xliv. p. 11. 
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known weight of chloride of potassium is ascertained. Thus, in the experi- 
ment of Berzelius first referred to, 100 parts chlorate of potash yielded 60*85 
parts chloride of potassium, and 39*15 parts oxygen. From chlorate of potash 
6 equivalents of oxygen are disengaged by heat; consequently, 

39*15 ^ ^^^ 
—-— =6*525 ; 
6 ' 

or the numbers 6*525 and 60*85 repltesent the relative weights of equivalents 
of oxygen and x)f chloride of jiotassium. Making the former = 8, we have by 
simple proportion, 

6*525 : 8 : : 60*85 : 74*6005, 

the real equivalent of chloride of potassium. 

Again, 100 parts of pure silver, by solution in nitric acid and precipitation 
by a soluble chloride, yield 132*75 parts of dry chloride of silver; and further, 
100 parts of pure chloride of potassium, dissolved in water and precipitated 
by nitrate of silver in excess, fhmish 192*4 parts of chloride of silver. Hence, 

Chlor. silver. Chlorine. Chlor. silver. Chlorine. 

132*75 : 32-75 : : 192*4 : 47*465 

the quantity of chlorine contained in 100 parts of chloride of potassium. Con- 
sequently, 

Chlor. potass. Chlorine. Eq. of chlor. potass. Eq. of chlorine. 

100 : 47-465 : : 74*6005 : 35*41 

From the preceding data the equivalents of silver and potassium are also 
easily determined : — 

132*75 parts of chloride of silver contain 32*75 parts chlorine and 
100 parts silver ; consequently, 

32*75 : 100 : : 35*41 : 108*12 

the equivalent of silver. Also, 

100 parts of chloride of potassium = 47*465 parts chlorine and 
52*535 parts potassium ; hence, 

47*465 : 62*535 : : 35*41 : 3919 



Dr. Turner's equivalent of chlorine is 35*42 ; that of Marignac is 35*37 ; and 
lastly, the number found by Dr. Penny,* by a somewhat different method, is 
35*45. The original equivalent of Berzelius is retained in the table. 

Nitrogen. — The density of nitrogen is, according to Dumas, *972 ; and that 
of oxygen, 1*1057. In binoxide of nitrogen equal measures of the gases are 
combined; or, by weight, 1 equivalent nitrogen to 2 equivalents oxygen. 
Hence, the combining number of nitrogen is ascertained by a simple rule of 
proportion : — 

1*1067 : -972 : : 16 : 14*06. 

Zinc. — M. Favre* has quite recently re-determined the. equivalent of zino 
by two different methods of investigation; namely, by analysis of the oxalate, 
and by observing the quantity of hydrogen, estimated in the state of water 

• Phil. Trans, for 1830, p. 13. 
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after combustion by ignited oxide of copper, disengaged during the solution 
in an acid of a known weight of pure zinc. The first experiments gave as a 
mean the number 33*01 ; and the second set, 32*97. The whole number, 33, 
has therefore been taken. 

Uranium. — The equivalent of uranium is that of M. P^ligot 
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COMPASISOir or the SXOBEKB of BAUMX'S HTSSOMETXBy 
WITH THE KSAL SPECiriO BRATITIES. 

1. For Liqiddi heavier than Water, 



Degrees. 


Specific gravity. 


I>egreei. 


Specific gravity. 


Degrees. 


Specific gravity 





1-000 


26 


1-206 


52 


1-520 


1 


1-007 


27 


1-216 


53 


1-535 


2 


1-013 


28 


1-225 


54 


1-551 


3 


1-020 


29 


1-235 


55 


1-567 


4 


1*027 


30 


1-245 


56 


1-583 


5 


1-034 


31 


1-256 


57 


1-600 


6 


1-041 


32 


1-267 


58 


1-617 


7 


1-048 


33 


1-277 


59 


1-634 


8 


1-056 


34 


1-288 


60 


1-652 


9 


1-063 


35 


1-299 


61 


1-670 


10 


1-070 


36 


1*310 


62 


1-689 


11 


1-078 


37 


1-321 


63 


1-708 


12 


1-085 


38 


1*333 


64 


1-727 


13 


1*094 


39 


1-345 


65 


1-747 


14 


1-101 


40 


1-357 


66 


1-767 


15 


1-109 


41 


1-369 


67 


1-788 


16 


1-118 


42 


1-381 


68 


1*809 


17 


1-126 


43 


1*395 


69 


1.831 


18 


1-134 


44 


1-407 


70 


1*864 


19 


1-143 


45 


1-420 


71 


1-877 


20 


1-152 


46 


1-434 


72 


1-900 


21 


1-160 


47 


1-448 


73 


1-924 


22 


1-169 


48 


1-462 


74 


1-949 


23 


1-178 


49 


1-476 


75 


1-974 


24 


1-188 


50 


1*490 


76 


2-000 


25 


1-197 


51 


1*495 
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2. Baumi^i Hydrometer for Idguidt Hghter than Water. 



I>egreeB. 


Specific gravity. 


Degrees. 


Specific grayity. 


Degrees. 


Specific grayity. 


10 


1^000 


27 


•896 


44 


•811 


11 


•993 


28 


•890 


45 


•807 


12 


•986 


29 


•885 


46 


•802 


13 


•980 


30 


•880 


47 


•798 


14 


•973 


31 


•874 


48 


•794 


15 


•967 


32 


•869 


49 


•789 


16 


•960 


33 


•864 


50 


•785 


17 


•954 


34 


•8-59 


51 


•781 


18 


•948 


35 


•854 


52 


•777 


19 


•942 


36 


•849 


53 


•773 


20 


•936 


37 


•844 


54 


•768 


2r 


•930 


38 


•839 


55 


•764 


22 


•924 


39 


•834 


56 


•760 


23 


•918 


40 


•830 


57 


•757 


2r 


•913- 


41 


•825- 


58- 


•753 


25 


•907 


42 


•820 


59 


•749 


26 


•901 


43 


•816 


60 , 

'V - ■ 


•745 



These two tables ate on the authority of M. Francoeuri-^they are taken 
fkom the Handajifrttrbuch - der Chemie of Liebig and Poggendorfi*. Baiund's 
hydronleter is very commonly used on the Continent, especially for liquids 
heavier than water. For lifter liquids the hydrometer of Cartier is often em- 
ployed in France. Cartier's degrees differ but little from" those of Bauzn^. 

Li the United Kingdom Twaddell's hydrometer is a good deal used for 
dense liquids. This instrument is so grtiduated that the real sp. gr. can be 
deduced by an extremely simple method from the degree of the hydrometer, 
namely, by multiplying the latter by 5, and adding 1000; the sum is the sp. 
gr., water being 1000. Thus 10° Twaddell indicates a sp. gr. of 1050, or 
1-05; 90® Twaddell, 1450, or 1^45. 

In the Customs and Excise Syke's hydrometer is used. 
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OF ])R« SALTON's table OV THB XLASTIC YOBCE qr TAPOH O? VAlnBll AT 
SI7FXBS27T TEMPXBATURX9, BXPBES8ED IIT IKCHXS OF JfEBCUBT. 



Temp. 


Force. 


Temp. 


Force. 


Teinp. 


Force. 


32® 


•200 


570 


•474 


90° 


1-36 


33 


•207 


58 


•490 


96 


1-68 


34 


•214 . 


59 


•507 


100 


1-86 


35 


•221 


60 


•524 


105 


2^18 


36 


•229 


61 


•642 


110 


2^63 


37 


•237 


62 


•560 


115 


2-92 


3a 


•245 


63 


•678 


120 


3-33 


39 


•264 


64 


•679 


125 


3-75 


40 


•263 


65 


•616 


130 


4-34 


41 


•273 


66 


•635 


136 


5^00 


42 


•283 


67 


•665 


140 


6-74 


43 


•294 


68 


•676 


146 


6-53 


44 


•305 


69 


•698 


160 


7-42 


45 


•316 


70 


•721 


160 


9-46 


46 


•328 


71 


•745 


170 


1213 


47 


•339 


72 


•770 


180 


16^15 


48 


•351 


73 


•796 


190 


19-00 


49 


•363 


74 


•823 


200 


23-64 


50 


•375 


75 


•851 


210 


. 28-84 


61 


•388 


76 


•880 


212 


30-00 


52 


•401 


77 


•910 


220 


34-99 


53 


•415 


78 


•940 


230 


41-75 


54 


•429 


79 


•971 


240 


49-67 


56 


•443 


80 


1^000 


250 


68-21 


56 


•458 


85 


1^170 


300 


111-81 
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OT THX TABLX OT LOWITZ, SHOWIlTe THE PROPOBTIOK BT WEIGHT O? 
ABSOLUTS OB BEAL ALCOHOL IN SPIBIT8 Ot BIFFEBBNT BSH^SITIBB.* 





Per cent. 




Per cent. 




Per cent. 


Sp. gr. at 60O 


of real 


Sp. gT, at 80O 


of real 


Sp. gr. at 60O 


of real 


jr *rf 


alcohol. 




alcohol. 




alcohol. 


0-796 


100 


0-881 


66 


0-955 


32 


0-798 


99 


0-883 


65 


0-957 


31 


0-801 


98 


0-886 


64 


0-968 


30 


0-804 


97 


0-889 


63 


0-960 


29 


0-807 


96 


0-891 


62 


0-962 


28 


0-809 


95 


0-893 


61 


0-963 


27 


0-812 


94 


0-896 


60 


0-965 


26 


0-815 


93 


0-898 


59 


0-967 


25 


0-817 


92 


0-900 


58 


0-968 


24 


0-820 


91 


0-902 


67 


0-970 


23 


0-822 


90 


0-904 


56 


0-972 


22 


0-825 


89 


0-906 


55 


0-973 


21 


0-827 


88 


0-908 


54 


0-974 


20 


0-830 


87 


0-910 


53 


0-975 


19 


0-832 


86 


0-912 


52 


0-977 


18 


0-835 


85 


0-915 


51 


0-978 


17 


0-838 


84 


0-917 


50 


0-979 


16 


0-840 


83 


0-920 


49 


0-981 


15 


0-843 


82 


0-922 


48 


0-982 


14 


0-846 


81 


0-924 


47 


0-984 


13 


0-848 


80 


0-926 


46 


0-986 


12 


0-851 


79 


0-928 


45 


0-987 


11 


0-853 


78 


0-930 


44 


0-988 


10 


0-855 


77 


0-933 


43 


0-989 


9 


0-857 


76 


0-935 


42 


0-990 


8 


0-860 


75 


0-937 


41 


0-991 


7 


0-863 


74 


0-939 


40 


0-992- 


6 


0-865 


73 


0-941 


39 






0-867 


72 


0-943 


38 






0-870 


71 


0-945 


37 






0-872 


70 


0-947 


36 






0-874 


69 


0-949 


35 






0-875 


68 


0-951 


34 






0-879 


67 


0-953 


33 







* From Dr. Tumer^s Elements. 
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WEIGHTS AND MEASURES. 



480' grains, Troy == 1 oz. Troy. 

437*5 „ =1 oz. Avoirdupoids. 

7000* „ =1 lb. Avoirdupoids. 

5760- „ = 1 lb. Troy. 



The imperial gsillon contains of water, at 60^, 70,000* grains, 
The pint (Jth of gallon) .... 8,750* „ 
The fluidounce (j^th of pint) . . . 457-5 „ 

The pint equals 34*66 cubic inches.* 



The French kUogramme « 15433*6 grains, or 2*679 lbs. Troy oi 2*205 lb& 

Avoirdupoids. 

The gramme s* 15*4336 grains. 

„ decigramme sa 1*5434 „ 

„ centigramme a *1543 „ 

„ mUHgramme ^s *0154 „ 



The mitre of France 




39*37 inches. 


n 


decimitre 


» 


3*937 


n 


ii 


centimetre 


« 


•394 


» 


n 


millimetre 


« 


•0394 


n 



* Apothecaries' or wine meuure, U. S. 

The wine gallon contains of water, at 6<P, 58329 
Thepint(lthof gaIlon( .... 7291 
The fluid-ounce (yh of pint) . . 456 

The pint equals 28*875 cubic inches.— It B. 



n 



4M 
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DR. SCHWEITZER'S 



OT TBI PBIirCIPAL XnrSBAL WATIBS OF GSBKAKT AlTD 



Grains of AnhydrDOB 






Scblesischer 


Ingredients in 


-Carlsbad. 


Kms. 


Obersalz- 




One pound Troy. 






brunnen. 




Carbonate of Soda - 


7-2712 


8-0626 


7.6211 




Ditto of Lithia 


0-0160 


0-0406 


. . 




Ditto of Baryta 


m m 


0-0022 


* m 




Ditto of Strontia - 


0-0056 


0-0080 


0-0170 




Ditto of Lime 


1-7776 


0-8566 


1-6464 




Ditto of Magnesia - 


1-0276 


0-5916 


1-6496 




Ditto (Proto) of Manganese 


0-0048 


0-0028 


0-0026 




Ditto (Proto) of Iron 


0-0208 


0-0120 


0-0356 




Sub-Phos. of Lime - 


0-0012 


. 


m m 




Ditto of Almnina - 


0-0019 


0-0014 


m . 




Sulphate of Potassa 


m « 


0-4050 


0-3160 




Ditto of Soda 


14-9019 


• • 


2-6106 




Ditto of Lithia 


m m 


. - 


. - 




Ditto of Lime 


. . 


m m 


. . 




Ditto of Strontia - 


. . 


• m 


. . 




Ditto of Magnesia - 


• • 


m « 


- - 




Nitr. of Magnesia - 


- - 


• • 


m m 




Chlor. of Ammonium 


• • 


. . 


0-0164 




Ditto of Potassinm 


. . 


0-0338 


. 




Ditto of Sodium - 


6-9820 


5-7266 


0-8682 




Ditto of Lithium - 


» m 


. 


• • 




Ditto of Calcium - 


m m 


• . 


m m 




Ditto of Magnesium - ■ 


m . 


. . 


m m 




Ditto of Barium 


. •• 


. . . 


m m 




Ditto of Strontium - 




. • 


• 




Bromide of Sodiuih 




. . 


0-0061 




Iodide of Sodium - 


. 


. 


• • 




Fluoride of Calcium 


0'0184 


0-0014 


m m 




Alumina ... 


m m 


. 


M • 




SiUca ..... 
Total 


04329 


0.3104 


0-2423 




31-4606 


16-0625 


14-7309 




Carbonic Acid Gas in 100 > 
cubic inches 5 


68 
Sprud. 166<> 


61 


98 




Temperature (F.) J 

V 


Neub, 138® 
Muhl. 128° 
Ther. 122** 


Kesfl. 1170 
Kran. 84° 


58® 




Analyzed by - 


Berzelius. 


Struve. 


Struve. 
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TABLE OF ANALYSES 



ov THx flAmjiToeA covemiss Bmxxa op amibica. 



Saratoga 

Con^M 

Spring. 



0-8261 



0-0672 
5-S531 
4-1155 
0-0202 
0-0173 



0*1379 



0-1004 

0-0326 

1-6266 

19-6653 



0-1613 
0-0046 

m * 

0-0069 
01112 



32-7452 
114 

60<> 
Schweitzer. 



Kissengen. 
Ragozi. 



0-0692 
4*8180 
1-3186 
0-0121 
0-1397 



1«2640 

m m 

5'5485 



0-0364 
39*3733 

m « 

3-6699 
0-3331 



0-1609 



66*7136 
96 

53<> 
Strave. 



Marienbad. 
Kreutzbr. 



6-3499 
0O868 

0-0028 
2-9509 
2-0390 
2*0288 
0-1319 



28-6868 



10*1727 



0*0023 
0*2908 



49-6417 
105 

53<* 
Berzelius. 



Aaicbowitz. 

Ferdinands- 

Jl>roiuieii. 



4-5976 
0-0507 

0-0040 
3-0085 
2-2867 
00692 
0-2996 



0-0040 



16-9022 



6.7472 



0-6023 



34.4719 



146 



49<> 



Steinmann. 



Eger. 

Franzens. 

bniiinen. 



3-8914 
0*0282 

0O023 
1-3501 
0*6040 
0-0322 
0-1762 
0O172 
0O092 

18-37.85 



6-9229 



0-3648 



31-6670 



154 



U* 



Berzelius. 



INDEX 



Absorption of heat, 65 
Acetal, 328 
Acetone, 332 
Acetyle-compoimds, 320 
Add, acetic, 328 

aconitic, or eqnisetic, 399 

aldehycUc, 327 

alloxanic, 383 

amygdalinic 368 

anilic, or indigotic, 385 

anthranilic, 396 

antimonioua, 255 

antimonic, 255 

arsenious, 258 

tests fbx,^ 259 

arsenic, 259 

aspartic, 393 

benzilic, 350 

benzoic, 346 

boracic, 131 

bromic, 128 

butyric, 402 

capric and capxoic, 402 

.carbolic, 435 

carbonic, 110 

liqnefiiction of, 50 

cerebric, 425 

cboleic, or galenic, 420 

chloracetic, 331 

chloroKsaxbonic, 112 

chloro<chromic, 250 

chloro-sulphuric, 321 

chloro-valerisic, 344 

chloric, 125 

chlorous, 124 

cholic, 421 

choloidic, 420 

chromic, 249 

chrysammic, 396 

chrysanilic, 396 

cbrysolepic, 396 

cinnamic, 353 

citric, 359 

cocinic, 401 

columbic, 254 



Acid, oomenic, 390 
croconic, 306 
cyanic, 371 
cyanuric, 372 
dialuric, 385 
elaidic, 402 
ethalic, 403 
ethionic, 323 
ferric, 230 
formic, 340 
fuhninic, 373 
fumaric, 360 
gallic, 362 
hippuric, 350 
hy(hiodic, 127 
hydrobromic, 198 . 
hydrochloric, 121 
hydroejrBnic, 365 
hydroferrocsranio, 975 
hydrofloorio, 129 
hydrofluosilicic, 130 
hydroealicylio, 353 
hydxosnlphuxic, 142 
hydrosulphocjranio, 979 
hyperchloric, 125 
hyperiodic, 127 
hjrpermanganio, 22B 
hjrperchlorous, 124 
hypophosphorous, 119 
hjrponitrous, 107 
hyposulphuroiis, 116 
hyi)08ulphunc, 116 
iodic, 127 
isethionic, 323 
japonic, 362 
kaJcodyUo, 33B 
kinic,390 
lactic, 310 
Hthofellinio, 421 
maleio,360 
malic, 360 
mandeHc, 349 
manganic, 2^ 
margaric, 399 
meoonic, 389 
melanic, 352 
melUtic, 306 
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Add, mesQxalic, 383 
metagallic, 363 
metaphosphoric, 187 
metapectic, 302 
molybdic, 253 
mucic, 306 
muriatic, 121 
mykomelinic, 383 
myristic, 402 
myronic, 405 
nitric, ite 
mtrous, 108 
(Bnanthic, 315 
oleic, 400 

oleo-phosphoric, 425 
osmic, 279 
oxalic, 303 
oxalovinic, 317 
oxaluric, 384 
palmitic, 401 
paiabanic, 384 
pectic, 302 
phocenic, 402 
phosphovinic, 316 
phosphoric, 119,185 
phosphorous, 119 
P3no-gallic, 363 
pyro-phosphoric, 186 
pyro-tartaric, 358 
P3no-mecoDic, 390 
picric, or carbazotic, 395 
pinic, sylvic and pimaric, 405 
xacemic, 358 
retinic, 438 
rhodizonic, 306 
rnbimc, 362 
saccharic, 305 
salicylic, 352 
sebacic, 402 
selenic, 117 
selenious, 117 
silicic, 129 
stearic, 399 
fiuberic, 306, 402 
succinic, 402 
sulphuric, 114 
sulphurous, 113 
sulphuretted-hyposulphuric, 

116 
sulphovinic, 316 
sulphomethylic, 339 
sulphoglyceric, 401 
sulphonaphthalic, 436 
sulphosaccharic, 297 
sulphobenzoic, 247 



Acid, sulphindigotic, 394 
taxmic, 361 
tartaric, 356 
thionuric, 384 
titanic, 254 • 

ubnic,298 
- uramilic, 385 
uric, 424 
valerianic, 344 
vanadic, 253 
xanthic,326 
Adds, nomenclature of, 113 

polybasic, 135 
Aconitine, 392 
Acroleine, 400 
Affinity, chemical, 158 

how influenced, 160 
Air-pumps, 24 
Air-fiimace, 136 
Albite, 220 
Albumen, 407 

vegetable, 428 
Aldehyde, 326 
Alizarine, 397 
Alcohol, 307, 444 
Alkalimetry, 199 
Alkarsin and alkargen, 334 
Allantoin, 382 
Alloxan, 382 
Alloxantine, 385 
Alumina, 218 

sulphates, 218 
silicates, 219 

characters of salts of, 220 
Aluminium, 218 

chloride, 218 
Alums, 219 

Amalgamation-process, 263 
Amalgams, 275 

electrical, 78 
Ammeline and ammelide, 380 
Amidine, 300 
Amidogen, 207 

Ammonia, preparation and properties 
of, 140 
compounds with anhydrous 

acids, 206 
sulphate, 205 
carbonate, 205 
phosphates, 206 
nitrate, 206 

salts, characters of, 207 
Ammoniacal amalgam, 204 
Ammonium, 204 

sulphurets, 206 
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Ammonxom, dilocide, 205 

theory, 205 
Axnygdaline, 367 
Amyle-compounds, 342 
Analcine, 220 
Analysis of water, 98 

organic, 283, H $€q. 
of mineral water, 446, 448 
Antiarine, 392 
Antimony, 255 

oxide, 255 

sulphuretfl, 256 

chloride, 255 

ehaiacters of salts, 257 

alloys of, 257 
Aqua-regia, 123 
Arabine, 302 
Archil, 396 
Argol, 308 
Aricine, 391 
Arrow-root, 301 
Arsenic, 258 

snlphnrets, 259 
Asphaltine, 437 
Asphaltum, 437 

Atmosphere, physical eooAtitation of, 
23 
composition o£, 103 
Atmospheric pressure, 26 
Atomic theory, 157 
Atropine, 392 
Augite, 217 
Aurum mnsiyum, 251 
Axinite, 220 
Azote, 102 

B. 

Balsams, 406 
Barium, 208 

oxides, 208 
chloride, 208 
sulphuret, 20^ 
Baryta, 208 

carbonate, 209 
nitrate, 209 
sulphate, 209 
-salts, tests JGwi !SiD9 
Barometer, 27 

chemical, 29 
Batteries, voltaic, 80, aod }^% 
Bay-salt, 204 
Beer; brewing, 309 
Benzamide, 349 
Benzine, 347 
Benzile, 350 



Benzimidfi, 350 
B&nzoine, 349 
Benzooe, 347 
Benzoyle-oompoondSi 345 
Bezoar-stones, 421 
Bile, composition of, 419 
Binary theory of salts, 187 
Bismuth, 240 

oxides, 240 •. 

nitrates, 240 
Bitumens, 437 
Bleaching-powder, 213 
Blood, composition of, 413 
Blow-pipe, 137 
Boiling-points of fluids, 42 
Bones, composition of, 426 
Boron, 131 

Brain, composition of, 425 
Brass, 244 
Brazil-wood, 397 
Bread, making o^ 310 
Breezes, land and sea, 66 
Bromal, 324 
Bromoform, 224, 341 
Bromine, preparation and properties 

of; 128 
Brucia, 391 
Butter, 418 
Butyrine, 402 

C. 

Cadmium, 239 

compounds o^ 240 
Calculi, urinary, 424 
biliary, 403 
Calcium, 210, 439 

protoxide, 210 
peroxide, 211 
chloride, 211 
sulphurets of, 211 
fluoride, 213 
Calomel, 270 
Caffeine, 393 
Camphor, 404 

aztificia],.404 
Cantbaridine, 403 
Caoutchouc, 406 
Caramel, 296 

Carbon, occurrence of in natuxei 108, 
439 
crystalline f<»rms of, 108 
its compound with oxygen, 

110 
sulphuret of, 147 
chlorides of, 322, 342 
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Carbonates, analysis of, 199 
Carbonic oxide, preparation and pfo- 

perties of, 111 
Carbyle, sulphate of, 323 
Cassava, 301 
Caseine, 409 

vegetable, 429 
Catechin and catechu, 362 
Cadriret, 438 
Cements, 211 
CeUulose, 302 

nitric, 306 
Cerasine, 302 
Cerine, 403 
Cerium, 247 

Chameleon mineral, 228 
Charcoal, properties of, 109 
Chemical philosophy, principles of, 

148 
Cheese, making of, 419 
Chimneys, action of, 39 
Chiuoidine, 391 
Chlorine,;i20, 439 

preparation and properties 

o^ 120 
compounds with oxygen, 124 
Chloral, 324 
Chloroform, 341 
Chloro-cinnose, 354 
Chlorosamide, 353 
Chlorisatine, 396 
Cholesterine, 403 
Chondrine, 412 
Chromium, 248 

oxide, .248 
sulphate, 248 
alum, 248 
chloride, 248 
characters of salts of, 249 
Chrysen and pyren, 434 
ChrysoUte, 217 
Chyle, 417 
Cinchonia, 390 
Cinnabar, 272 
Cinnamyle-compounds, 253 
Cinnameine, 355 
Clays, composition of, 220 
Coal-gas, 134 ^ 
CoeloU, 435 
Cobalt, 237 

oxides, 237 
chloride, 237 
sulphate, 237 
oxalate, 237 
carbonate, 237 



Cobalt, characters of salts of, 327 

ultramarine, 238 
Cochineal, 397 
Codeine, 389 
Colchicine, 391 
Colophony, 405 
Coloring-principles, 394 
Columbium, 254 
Combination, laws of, 148 

by volumes, 153 
Combining numbers, 151 
table of, 152 
Combustion, 135 

at low temperatures, 97 
Combustibility, relative, of gases, 139 
Conduction of heat, 40 
Condensation of gases, 50 * 
Conicine, or conia, 391 
Connecters, caoutchouc, 110 
Copper, 242 

oxides, 243 

sulphate, 243 

nitrates, 243 

carbonates, 243 

chloride, 243 

arsenite, 243 

characters of salts of, 244 

alloys of, 244 
Crystallization; crystallography, 177 
Ciyophorus, 52 
Cudbear, 396 
Curarine, 392 

Cyanides, metallic, 369, ei ttq. 
Cyanogen, 365 

chlorides of, 374 
Cyanite, 220 
Cystic oxide, 386, 425 

D. 
Daguerreotype, 62 
Dammar-rcsin, 405 
Daphnine, 392 
Daturine, 392 

Decomposition by electricity, 161 
Delphinine, 392 
Densities of bodies, 17 
Density of vapors, determination of, 

293 I 
Dew, 66 
Dew-point, 49 
Dextrine, 300 
Diamond, 108 
Diastase, 301 

animal, 430 
Diathermancy, 67 
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Bifiusion of gases, 94 

Dimorphism, 177 

Displacement, collection of gases by, 

94, 110 
Distillation, 45 
Dragon's blood, 405 
Dutch-liquid, 321 . 
Dyeing, principles of, 394 

E. 
Earthenware, manufacture of| 223 
Ebullition, 42 
Elaidine, 402 
Elaterine, 392 
Electricity, statical, 75 

voltaic, 80, 161 

animal, 82 

action of on the magnet, 82 

of steam, 85 
Electro-chemistry, 161 
Electrolysis, 162 
Electrotype, 169 
Electrophorus, 79 

Elementary bodies, definition of, 87 
Emetine, 392 
Emulsine, 367 
Enamel, 223 
Equivalent numbers, 150, 439 

table of, 152 
Erbium, 221 
ErjrthropTotide, 411 
Ethal, 403 
Ether, 312 

continuous process for, 318 
Ethers, compound, 312 
Ether, heavy muriatic, 324 
Etherole and etherine, 320 
Eudiometer, Cavendish's, 99 

Ure's, 104 
Eupione, 432 

Evaporation at low temperatures^ 47 
Expansion of solids, 32 
fluids, 35 
gases, 37 

F. 

Fecula,299 
Felspar, 219 
Fermentation, alcoholic, 307 

lactic, 310 

viscous, 311 
Ferrocyanogen-compounds, 375 
Ferridcjranogen-compounds, 377 
Fibrine, 408 



Fibrine, vegetable, 428 

Flame, structure of, 135 

Flames, hollow and solid, 96 

Fluorine, 128 

Fluor-spar, 213 

Formulae, deduction of, 292 

Formomethylal, 341 

Freezing of water by evaporation, 52 

Fumaride, 361 

Furnaces, principle of, 136 

Fusel-oils, 345 

Fustic-wood, 397 

G. 

Garnet, 220 
Gas, illuminating, 134 
Gases, liquefaction of, 50 
Gas-holder, Pepys', 89 
Gelatine, 411 
Gentianine, 392 
Gilding, 267, 268 
Glass, manufacture of, 221 
Gliadine, 428 
Gluten, 428 
Glucose, 297 
Glucmum, 220 
Glycerine, 401 
Glycicoll, 412 
Glycyrrhizine, 298 
Gold, 266 

compounds of, 267 

alloys, 267 
Groniometers, 177 
Graphite, 108 
Gravity, specific, 17 

specific, of gases, determina- 
tion of, 92 
Green, Scheele's, 243, 259 
Guano, 387, 430 
Gum, British, 301 
Arabic, 302 
tragacanth, 302 
Gunpowder, 193 

H. 

Hatchetine, 438 

Heat, conduction of, 40 
latent, 41 . 
capacity for, 53 
sources of, 55 
supposed central, 55 
developed by friction, 65 
radiation, reflexion, absorption, 
and transmission of, 64 et seq. 
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Hematoxyline, d97 

Hematosine, 414 

Hespeiidine, 392 

Heulandite, 220 

Hornblende, 217 

Hydrobenzamide, 349 

Hydrogen, preparation and properties 
of, 93 
peroxide of, 102 
light carburetted, 132 
sulphuretted, 142 
persulph^ret of, 143 
phosphuretted, 144 
seleniuretted, 144 
arseniuretted, 259 

Hydrometer, 22 

tables, 441, 442 

Hygrometer, Daniell's, 53 

Hygrometiy, 49 

Hyoscyamine, 392 

I. 

IdriaUne, 434, 438 
Ilmenium, 171 
Indigo, 394 

Iodine, preparation and properties of, 
126 
chloride of, 147 
Iodoform, 341 
Inuline, 302 
Iron, 228 

oxides of, 229, 230 

chlorides, 230 

iodides, 230 

sulphurets, 231 

sulphates, 231 

nitrate, 231 

carbonate, 281 

characters of salts of, 232 

manufacure, 232 

cast, varieties of, 233 
Iridium, 277 
Isatine, 396 
Isomorphism, 184 

J. 
Jade, 217 
Jet, 437 
Jet, ozy-hydrogen^ Daniell's, 96 

Hemming's, 140 

K. 

JCalo^rpe, 61 

Kakodyle, and its compounds, 333 

Eapnomor, 433 



Katalysis, 161 
Kelp, 126 

Kermes-mineral, 256 
Ereosote, 433 
Eyanol, 435 

h. 
Lac, 405 
Lamps, spirit, and gas, 138 

safety, 139 
Lantanum, 247 
Laughing gas, 106 
Laumonite, 220 
Laws of combination, 148 
Lead, 244 

oxides, 245 

nitrate, 245 

carbonate, 245 

action of water on, 246 

chloride, 246 

iodide, 246 

characters of salts of^ 246 

alloys of; 247 
Lead-tree, 170 
Lecanorine, 396 
Legumine, 429 
Leucine, 411 
Leukol, 435 
Leyden jars, 79 
Light, laws of, 56 

reflexion, refiaction^ and polar- 
ization of, 56 et Hq 

decomposition of white, 59 

chemical action o^ 61 
Lignine, 302 
Lignite, 437 
Lignone, 342 
Lime, 210 

sulphate, 211 

carbonate, 212 

phosphate, 212 

chloride, 213 

-salts, characters of, 215 
Liquefaction of gases, 50 
Liquor amnii, 418 
Liquor of Libavius, 251 
Litmus, 396 
Lithium, 207 
Loadstone, 230 
Logwood, 397 
Lupuline, 309 
Lymph, 418 



Madder, 397 



M. 
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Magnesia, 215 

sulphate, 216 
carbonate, 216 
alba, 216 
phosphate, 216 
estimation o^ in analysis, 

217 
silicates, 217 

characters of salts of, 217 
Magnesium, preparation and proper- 
ties of, 215 
chloride of, 215 
Magnetism, Tl et seq. 
Magnets, artiiiciEd, 73 
Magnetism of the earth, 73 
Magneto-electricity, 84 
Manganese, preparation and proper- 
ties of, 225 
oxides of, 225, 226 
chloride, 227 
sulphate, 227 
carbonate, 227 
characters of salts of, 228 
Mannite, 299 
Manures, action of, 430 
Margarine, 399 
Margarone, 400 
Mariotte, law of, 27 
Marsh's test for arsenic, 261 
Mastic, 405 
Meconine, 389 
Meerschaum, 217 
Melam and melamine, 379 
Membranous tissue, 426 
Mercaptan, 325 
Mercury, 268 

oxides of, 269 
nitrates, 269 
sulphates, 270 
chlorides, 270, 271 
iodides, 272 
sulphurets, 272 
characters of salts of, 273 
Mysityle, 333 
Mesotype, 220 
Metacetone, 333 
Metal, fusible, 241 

gun, bell and speculum, 244 
Metals, general properties of, 171 

classification of, 188 
Methyle-compounds, 337 
Mica, 220 

Milk, composition of, 418 
Mineral pitch, 437 
Mirrors, how silvered, 273 



Molybdenum, 252 

Moss, Iceland, starch from, 301 

Carragheen, 301 
Morphia, 388 
Mortars, 211 
Mucus, 418 
Multipliers, 83 
Murexan, 386 
Murexide, 385 

N. 
Naphtha, 438 
Naphthaline, 436 
Narcotine, 389 
Narceine, 389 
Nervous substance, 425 
Nickel, 235 

oxides, 235 
chloride, 236 
sulphate, 236 
carbonate, 236 
characters of salts, 236 
Nicotine, 391 
Niobium, 171 
Nitre, sweet spirits of, 314 
Nitrobenzide, 348 

Nitrogen, preparations and properties 
of, 102 
its compounds with oxygen, 

105 
chloride of, 145 
iodide of) 145 
Nitrates, 106 
Nitrous oxide, 106 
Numbers, equivalent, 150, 439 
Nutrition, function of, 427 

O. 

Oleine,400 

Olefiant gas, 133, 320 

Oils and fats, 398 

Oils, volatile, 403 

Oils, palm and cocoa, 401 

Oil of wine, heavy, 319 

Oil of vitriol, preparation of, 1 14 

Oil-gas, 134 

Oil of turpentine, 404 

lemons, 404 

copaiba, 404 

juniper, 404 

storax, 404 

roses, 404 

peppermint 404 

cajeput, 404 

mustard, 405 
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Oil of honeiadish, 405 
potatoei,342 
com, 345 

bitter-cilmonds, 345 
cinDaniDn, 353 
Opium, 388 
Otcine, oiceine, 396 
Organic chexmstry, 280 

bodies, classifioation of, 281 
decomposition of, by 

heat, 282 
decomposition of, by 
decay and patz«fiu>- 
tion, 282 
analysis of, 283 
Osmium, 279 
Ozamethane 315 
Oxamide, 304, 314 
Oxides, classification of, 92, 174 
Oxygen, preparation and properties of, 
88 
DOmeodotnise of compounds, 
92 
Ozokerite, 438 

P. 
Palladiom, 275 

Palmitine, 401 

PamiBnc, 438 

Paracyanogen, 365 

Paramorphine, 389 

Paranaphtibaline, 436 

Pectine, 302 

Pelopium, 171 

Petalite, 280 

Petrolene, 437 

Petroleum, 438 

Pewter, 252 

Philosophy, chemical, principlfls of, 

148 
Phloridadne, 353 

Phosphorus, preparation and proper- 
ties of, 117 

compounds with oxygen, 
118 

chlorides of, 146 
Phosgene gas, 112 
Photography, 61 
Picamar, 433 
Picrotoxine, 392 
Pile, voltaic, 80 
Piperine, 392 
Pit<x)aJ, 437 
Pittakal, 433 
Platinum, 273 



Platinum, spongy, 273 
black, 274 
oxid^274 
chlorides, 274 
sate, combustible, 323 
power of deteiminingunion 
of gases, 97 
Plumbago, or graphite, 108 
Pneumatio trough, 89 
Polarization of h^ 60 
Polarity, magnetic, 72 
Populine, 392 

Porcelain, manu&etniB of, 223 
Potassium, preparation and pxqpoitieB 
of, 190 
peroxide of^ 192 
sulphnrets of, 195 
chloride, 196 
iodide, 196 
bromide, 197 
Potash, 191 

hydrate of; 191 
carbonate, 192 
bicarbonate, 192 
nitrate, 193 
sulphate, 194 
bisulphate, 194 
sesquisulphate, 194 
chlorate, 194 
hyperchlorate, 195 
salts, test for, 197 
Potato-oil and its compounds, 342 
Precipitate, white, 271 
Prehnite, 220 
Pressure, correction for,' 28 
Proteine, 410 
Protide, 411 
Prussian blue, 376 
Pseudomorphine, 389 
Purple of CSassius, 252 
Pus, 418 

Pyrophorus, Homberg's, 219 
Pyrometer, Demiell's, 34 
I^rroxyline, 306 

Q. 

Quercitron bark, 397 
QuieksUTer, 268 
QuinB,390 

R. 
Rays of the sun, chemical, 61 
Reflexion, law of, 56 
Refraction, law of, 57 

indioesof^ 58 
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Resins, 405 
Respiration, 416 
Rednite, 438 

Reverberatory furnace^ 138 
Rhodium, 276 
Ropiness of wines, &3C., 302 
Ruthenium, 171 

S. 
Safety-jet, Hemming's, 140 
Safety-tube for distUlatory-vessels, 123 
Saffipon, 397 
Sago, 301 
Saiep, 301 
Salicine, 351 
Salii^riMimponndB, 351 
Sal-aleinbroth, 271 
Salts, theory of, 174, 187 
sulphur, 176 
binary Uieory of, 187 
Selenium, 117 
Serpentine, 217 
SiUoon, 129 

SQieeouB mineials, analysis of) 130 
Silver, 263 

oxides, 264 
nitrate, 265 
. sulphate, 265 
hyi)08nlphite, 265 
chloride, 265 
iodide, 265 
sulphuret, 266 
ammoniuret, 266 
characters of salts of^ 26^ 
alloy of, 266 
German, 236 
Skin, 426 
Smalt, 237 

Soaps, saponification, 399 
Sodium, preparation and pn^rties of, 
197 
sulphuret of, S03 
chloride, 203 
iodide and bromide, 204 
&>da, hydrate of, 197 
carbonate, 198 
bicarbonate, 199 
sulphate, 201 
bisulphate, 202 
hyposulphite, 202 
nitrate, 202 
phosphates of, 202 
biborate, 203 
Solanine, 392 
Solder, 247 



Specific heat, 53 

gravity, 17 

of airs, 92 
Spectrum, solar, 58 
Speiss, 235, 238 
Spermaceti, 403 
Spiraea ulmaria, oil of, 351 
Spirit, proof, 308 
Spodumene, 220 
Starch, 299 

from Iceland moss, 301 

Carragheen moss, 301 
Steam, elastic force of) 44 
baths, 44 
engine, 45 
Stearine, 399 
Steatite, 217 
Steel, 234 
Stilbite, 220 

Stoneware, manu&ctnre of, 223 
Stramonine, 392 
Strontium, 210 

peroxide, 210 
chloride, 210 
Strontia, 210 

nitrate, 210 
Str}rchnia, 391 
Sublimate, corrosive, 271 
Sugar, cane, 295 
grape, 297 
action of acids on, 297 

alkalis on, 298 
eucalyptus, 298 
from ergot of rye, 298 
of diabetes insipidus, 298 
of liquorice, 298 
of mUk, 299 
manna, 299 
Sulphur, occurrence in nature, 112 
properties of, 112 
compounds with coEygen, 113 
chloride of, 146 
Sulphuretted hydrogen, 142 
Sulphocyanogen-oompounds, 378 
Sulphobenzide, 348 
Symbols, table of; 155 
Systems, crystallographical, 180 
Synaptase, 367 
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Tapioca, 301 
Tar, varieties of| 432 
Taurine, 420 
Teeth, 427 
Tellurium, 257 
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Test-acid for alkalimetry, 199 

Terbium, 221 

Thermometer, construction of, 31 

scales, 31 
Theine, 393 
Thebaine, 38 
Theory, atomic, 157 
Theobromine, 393 
Thorium, 221 
Tin, 250 

oxides, 250 

chlorides, 251 

sulphurets, 251 

characters of salts of, 251, 252 
Tinned-plate, 252 
Titanium, 254 
Trade-winds, 39 
Tungsten, 252 
Turmeric, 397 
Type-metal, 257 

U. 
Uramile, 384 
Uranium, 241 
Urea, 372, 380, 
Urethane, 316 
Urine, composition of, 421 
Urinary calculi, 424 
Uhnine, 298 
Ultramarine, 203 

V. 

Vapor, aqueous, specific gravity of, 48 

elastic force of, 44, 443 
Vapors, density of, 48 

hypothetical density of, 154 
Vaporization at low temperatures, 

laws of, 47 
Vanadium, 253 
Varvicite, 227 
Vegeto-alkalis, 388 
Ventilation, 39 
Veratria, 391 



Verdigris, 331 
Vermilion, 272 
Vinegar, 329 
Vitriol, white, 238 

blue, 243 

green, 231 
Volatile oils, 403 
Volumes, combination by, 153 
Voltameter, 165 

W. 

Water, composition of, 98 

of crystallization, 176 
properties oi^ in a pure state, 

100 
of sea and mineral springs, 

100, 446, 448 
compounds of, 101 
basic powers of, 176 

Wax, 403 

Weights and measures, 445 

Wire-drawing, 172 

Wines, 308 

Woodrspirit and its compounds, 337 
ether, 338 

Woody fibie, 302 

X. 

Xanthic oxide, 386, 425 
Xyloidine^ 305 
Xylite, 342 



Yttrium, 221 



Y. 



Z. 



Zinc, 238, 440 

oxide of, 238 

sulphate, 238 

carbonate, 239 

chloride, 239 

characters of salts of, 239 
Zirconium, 221 



THE END. 
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